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Historical  Sketch . 

The  early  investigators  noticed  that  when  an  electric 
current  '.vas  passed  through  an  electrolyte  changes  in  concen- 
tration were  produced. 

This  phenomenon  was  mads  nanifest  in  some  brilliant  exper- 
(1) 
iments  by  Davy   ,  but  the  first  atte'r^pted  exi^]  ^ 'ti  +  -  r  n  v/as 

(2) 
given  by  Berzelius  and  Hisinger  . 

No  further  pro^-resfi  ^'as  made  ir.  solving  this  problem  until 

the  time  of  Faraday   ,  who  noticed  that  if  a  current  is  passed 


;h rough  a  solution  of  copper  sulphate,  us  in 
;he  solutfon  around  tne  catnode  becomes  lig 


copper  T'Oles, 
hter  blue,  while 


around  the  anode  it  becoi.'^es  darker  blue.   This  same  phenon;- 

i'i)  (5) 

enon  v/as  observed  by  Gmelin    tv/o  years  later.   Pouiilet 

observed  a  si;:iilar  phenoraenon  in  a  gold  solution. 
(6) 
Ten  years  la.ter  Smee    still  advocated  the  theory  put 

forv/ard  by  Faraday  and  public  ;;ed  nany  exp  er  ir-.ents  to  prove 

this  theory.   He  came  to  the  conclusion  that  when  a  solution 

of  a  metallic  salt  was  subjected  to  the  influence  of  a  cur- 


(1)  .  Gilbert  Ann.  Ed.  28,  ^6;  ^..il 
(2).  Ann.  d.  Chenie  vol.  1,  174. 
(6).    Pogg.  Ann.  32,  ibe,  (1834). 
(4).  Pogg.  Ann.  44,  5,  (1838). 
(5).  Comp.  /^end.  20,  1544,  (1845), 
(6).  Phil.  Mag.  XVII,  13  6,  (1840; . 


Tran^;.  l! 


rent  t'^iat  '.vater  was  decomposed  and  tne  oxygen  and  hirdro^^en 
passed  in  dnfferent  directions,  and  the  h^rdroR-en  at  the  in- 
stant of  decomposition  on  the  negative  pole  acted  upon  the 
copper  sulphate  and  other  -".etallic  salts  in  the  sane  manner  as 

iron  or  zinc  would  in  the  sane  solutions. 
(1) 
Daniell  and  "'iller    working  jodntlj'-  put  forv/ard  the  con- 
ception of  the  interchange  of  ions.   From  the  results  of  their 
i  nvesti  f  at  i  on  they  ca-ne  to  the  conclusion  that  the  usual  con- 
ception was  v/rong.    They  devised  an  apparatus  which  was  di- 
vided into  three  cells  by  two  porous  walls.   In  this  they 
electrolysed  copper  and  2inc  sulphates.   They  proved  in  this 
investigation  tnat  the  two  ions  of  each  of  these  two  salts 
evidently  traveled  with  different  velocities,  but  they  could 
not  interpret  tnei'"  results.    They  also  worked  on  other 
metallic  salts,  but  the  conclusion  that  they  drevr    from  the 
results  found  in  the  copper  and  zinc  solutions  did  not  hold 
in  the  other  cases. 

The  subject  was  left  here  until  Hittorf    undertook  his 
elaborate  series  of  experiments  and  showed  that  these  changes 
in  concentration  were  caused  by  a  difference  in  the  velocities 
of  the  anion  and  cation  (in  copper  sulphate  the  anion  30 
traveling  faster  than  tne  cation  Cu  ). 


(1).  Phil.  Trans.  I,  (l8.-i);  Pogg./I^^  18,  (18  +  5). 
(l).    ?nc-r-,     Ann.  89,  177  (1853);  98,  1  (1856);  103,  1  (1858) 
106  ,  337  ,  513  ,  (  1859)  . 


Hittorf  in    his  invy  s  tipat  i  on  v/ent  back  to  the  explanation 
put  forward  by  Grotthtia.,   He  showed  that  by  analysis  of  the 
solution  aroand  tae  electrodes,  ta e  ratr'o  between  the  veloci- 
ties of  the  t .'.' o  ions  could  be  calculated. 

In  his  .7ork  he  devised  several  forms  of  apparatus  depend- 
ing upon  t;ie  nature  cf  tao    salt  under  inv  o  st  i;;  ati  on .   In  prin- 
ciple, ho'.vover,  they  were  very  sinnilar,  consisting  of  a  verti- 
cal  tube  divided  into  cells  by  porous  d  iaphragnis  ,  the  cathode 
being  inserted  in  the  upper  cell  and  anode  in  the  lower  cell. 

Tne  form  of  apparatus  used  by  hin  has  seme  very  objection- 
able features.   The  rienbranes  are  liable  to  be  reacted  on 
by  the  electrolyte  during  tae  electrolysis,  and  produce  some 
very  serious  errors. 

Hittorf  also  determined  the  ratio  between  the  velocities 
of  tne  ions  of  a  large  number  of  salts  and  studied  the  effect 
of  changing  the  conditions  of  the  experiment.   He  first 
studied  the  effect  of  c.ianging  the  strength  of  the  current. 
By  using  currents  of  several  different  strengths  he  v/as  able 
to  sho>7  that  t.ie  relative  velocities  of  tne  ions  was  inde- 
pendent of  the  strength  of  the  curre-t. 

The  next  question  to  settle  .'/as  tiic  effect  of  concentra- 
tion of  the  solution  on  tno  relative  .-nigration  velocities. 
To  settle  this  question  he  investigated  solutions  of  copper 


sulphate  ranging  bet.'/een  normal  and  twentieth  nor-^al. 

He  found  fr^'"  these  d  et  er:niinat  ionst  hat  the  Tiigration  ve- 
locfty  of  the  copper  ion  was  v/ith  respect  to  the  SO   ion  in- 
creased as  the  dilution  increased  until  a  certain  dilution  was 
reached,  be^^'ond  which  it  becane  constant.    He  also  proved 
in  this  connection  that  in  some  cases  the  velocity  of  the 
cation  decreased  with  increase  in  dilution  of  W;iich  a  notable 
exa'.iple  is  silver  nitrate. 

The  third  condition  v/nich  Hittorf  t'lought  migiit  effect 

the  velocity  of  t  :e  ions  was  the  effect  of  temperature,  From 

o 

his  v/ork  on  such  salts  as  copper  sulphate  between  4  C   and 

0 

20  C  he  conc^-uded  that  the  te-aperature  coefficient  was  zero. 

After  the  work  of  'lit tor f  very  little  was  done  in  this 

(1) 
field  until  the  work  of  F.  Kohlrausch    ,  in  which  ne  showed 

that  a  very  important  relation  exists  bet'veen  the  velocities  of 
the  ions  and  the  conductivity  of  solutions. 

Kohlrausch  cane  to  the  three  following  conclusions. 
First.   If  dilute  solutions  of  various  salts  be  prepared  havir. 
tneir  strengths  proportional  to  the  chemical  equivalents  of 
the  salts,  then  the  specific  ccriductivities  of  t.hese  solu- 
tions are  all  of  thesa^.e  order  of  magnitude. 


(1).  Wied.  Ann.  26,  1  and  l-tS  ,  (18  79) 


Second.       In  dilute  solutions,  under  a  given  el 3C tromo t i ve 
force, each   of  the  iors  "lOves  tnrough  tne  liquid  with  a  fixed 
velocity,  depe.dent  on  its  o'.vn  chemical  nature,  and  inde- 
pendent of  toat  of  the  otner  ion.   This  he  termed  the  law  of 
independent  migration. 

Third.   The  influence  of  caange  in  t  e -nperat  ure  upon  conduc- 
tivity tends,  as  dilution  increases,  to  a  limiting  value, 
the  t  e-.iperature  coefficient  beinr  t.ie  sans  within  narro;/ 

limits. 

(1) 

In  Kohlrausch's   inv  estl  :"at  ion  he  determined  the  specific 

c end uctivitj es  of  solutions  of  varying  strength,  fron  sat- 
uration to  dilution  of  a  few  percent,  and  frrm  observations 
thus  obtained  deduced  by  extrapolation  t ae  conductivity  in 
"^ore  dilute  solutions. 

In  his  determination  of  the  conductivity  of  salt  solu- 
tions he  measured  the  constant  (C  +  A),  the  sum  of  the  veloci- 
ties of  the  anion  and  cation  which  approaches  a  constant 
value  in  very  dilute  solutions,  so  that  he  was  able  to  assign 
to  certain  ions  values  for  c  and  a  which  are  known  as  specific 
ionicvelocities. 

Kohlrausch  calculated  the  values  for  the  specific  veloci- 


1).  V/ied.  Ann.  26,  19-1:,  (188  5) 


ties  of  different  ions,  from  ireasurenents  of  the  conductivities 
of  salt  solutions,  and  their  migration  constants,  on  the 
supposition  that  all  the  molecules  of  the  salt  present  in 
solution  are  actively  concerned  in  carrying  the  current.   He 
supposed  that  tiie  rat'p  of  ti<f  numbers  of  the  active  and  the 
inactive  molecules  represer.ts  in  reality  tae  average  ratio 
of  time  during  v/hich  each  molecule  is  active  to  the  time 
durr'ng  which  it  is  inactive.   According  to  tnis  every  ;nole  = 
cule  is  in  turn  active,  but  at  any  instant  only  a  certain 
portion  of  molecules  are  active.   This  is  of  course  equiva- 
lent to  supposing  a  certain  fixed  fraction  of  the  v/hole  nam- 
Ler  of  molecules  tc  bs  active  as  far  as  such  phenomena  as 
osriotic  presi^ure  are  concerned,  but  when  the  velocity  of  the 
ions  is  concerned  it  is  quite  different. 

KohlrausCii  saw  that  in  any  given  solution  of  a  salt,  the 
average  velocity  is  dependent  on  the  driving  force  or  fall  of 
potantial  on  the  specific  velocities  and  the  coefficient  of 
ionisation  or  (  C  +  A  )  =  n  x  (  c  +  a  )  ,  where  C  +  A  are  the  avei 
age   velocities   and  c  +  a  the  specific  velocities.   He  found  . 
comparing  the  conductivity  of  solutions  0. f  definite  dilution, 
that  tvj-o  electrolytes  havii-.g  a  coEirion  anion  and  different 
cations,  have  the  sar^.  e  difference  in  conductivity  as  t'wo 
electrolvtes  having  a  comnon anion  and  the  same  cation  us  the 


first  two  electrolytes.   He  also  pointed  out  that  the  sa'ie 
relation  nolds  for  a  common  cation.   In  botn  cases  the 
differences  are  practically  t  h 'j  same  witnin  the  linits  of 
experimental  error.   Taen  ,  frcra  the  above  relation  the  con- 
ductivity of  a  solution  at  infinite  dilution  is  the  sum  of 
tv/o  constants,  one  depending  on  the  anion  and  the  other  on 
t :  i  e  cation. 

Since  t  r-e    conductivity  of  a  solution  at  infinite  dilution 
deals  with  comparable  numbers  of  ions,  this  value  :2ust  de- 
pend upon  trie  velocity  with  wnich  tney  move,  thus  this  con- 
stant is  then  proportional  to  the  velocity  of  tn-;.  cation  and 


Novv  if  we  represent  by  c  the  velocity  of  the  cation,  anft 
by  a  the  velocity  of  the  anion 

y^^=  c  +  a 

If  expressed  in  words,  t  n  e  v  e  1  o  c  :'  t  y  v/  i  t  h  wnich  any  ion 
tra'vols  is  a  constant  for  a  given  solvent  and  a  given  poten- 
tial gradient,  and  is  independent  of  the  nature  of  the  other 
ion  or  ions  v;itn  w;iich  it  is  pr.sent  in  the  solution. 

This  law,  as  is  readily  seen,  only  holds  for  very  dilute 
solutions  as  it  is  only  in  very  dilute  solutions  that  the 
value  of  Moo  <^ari  be  obtained  directly  by  experiment. 


s. 


(1) 

Ostwald    ,  hov/ever,  has  snown  that  tae  law  of  Kohlrausch  is 
of  more  general  appl:'catlcn  and  can  be  used  v/ith  concentra- 
ted as  v;ell  as  with  dilute  solutions. 

If  the  solutions  are  concentrated  they  will  not  necessaril; 
be  completely  dTsccciated,  and,  therefore  the  a.".ount  of  dis- 
sociation r.ust  be  taker,  into  'icccunt.   The  lr.:-^r    of  Kohlrausch 
then  becomes 

y^y   -       ^(  c  .  a  ) 
j3|i  r  opres  erit  ing  the  amount  of  dissociation  . 

In  these  investigations  by  Kohlrausch  and  Cstv/ald  they 
have  d  erionstrated  tnat  t:ie  nolecular  conductivity  of  an  elec- 
trolyte increases  with  the  dilution,  and  reaches  at  a 
definite  limit  a  'naximum  value,  and  that  tnis  value  as  shewn 
above  is  the  sum  of  tae  tv/c  independent  constants  w.iich  are 
in  fact  tne  velocities  of  t.ie  icns  at  infinite  dilution  in 
terms  of  the  conductivity  units.   It  is,  tlien,  obvious  t;i.at 
the  law  of  Kohlrausch  can  be  used  to  determine  tne  velocity 
0  f  i  0  n  s  . 

This  value  ^(yp     can  be  determined  directly  by  tlie  con- 
ductivity method  fcr  ■ easuring  the  molecular  conductivity, 
and  wo  can  determine  the  ratio  between  these  tv/o  velocities 
by  Hittorf's  Liethod  for  deternining  tne  relative  migration 
numbers, and  taus  from  the  two  equations 
J^oo    =  C  +  A.     (1) 

c.    =   C        (2) 
a A_ 

Ti*r."*  L er.rl.".  dV ^lYo-"."  C Ti e' ". '  Yl','  'blY. 
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v;  h  e  r  e  A  &  C  rep  r'v.  sent  the  velocities  of  the  ions  at  i  n  f  i  n  d,  t  e 
dilution  and  c/a  is  t5ia  ratio  found  by  Hittorf's  metnod. 

By  this  method  tne  velocity  of  the  ions  must  be  the  sane, 
'.vhet-'ier  deternj  ned  for  O'^-e  subtjtance  or  for  any  other  sub- 
stance in    wnicii  it  nay  occur.   This  poiint  was  tested  by 
Konlrausch  for  several  ions,  and  tneir  velocities  v/ere  cal- 
culated for  £e\eral  salts  and  found  to  be  the  sa;":ie  in  every 
case. 

Up  to  tr.is  time  numbers  given  by  Kohlrausch  for  the 

absolute  velocity  of  different  i c n s  have  bee/;  deduced  from 

I 
theoretical  grounds;  and  the  only  verification  to  which  they 

have  been  subjected  was  by  Ehowing  tiiat  froiri  them   the  ob- 
served conductivities  and  nigration  coefficients  of  a  number 

of  solutions  can  be  calculated. 

mean  velocity  of 
The  first  direct  -neas  .ironent  of  the,  ions  v/as  made  by 
(1) 
Lodge    ,  who  observed  tne  progress  of  a  layer  which  moved 

through  a  gelatin  solution  and  thus  narked  tne  advance  of 

the    ion    whose    velocity    he    v/ished     to    determine. 

The    values    obtained       experiraenta  lly    by    hini    agreed    well 
./itn    tnose    calculated    by    Koiilrausch 

The    method    of    Lodge,    hov/ever  ,    was    open    to    objections, 


(1)  .    2ri„. 


ort.     (iooO  , 
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since  the  influence  of  t  ae  geltitin  was  quite  unknov/n  the 
assumption  v/as  made  that  all  ions  if  affected  at  all  v/ould  be 
influenced  to  tiie  samt;  extent.   Furtner,  since  t  r.e  observed 
velocity  is  conditioned  by  the  fall  of  potential,  r,  it  is 
necessary  taut  the  fall  should  be  regular  and  "hat  it  snculd 
be  knov/n  before  C  can  be  d  e  t  er:rJ  ned  .  Lodge    did  not  fulfill 
these  conditions  in  his  exper :' rnerts  .   He  assumed  that  in  the 
tub(|,v/hich  was  40  cas .  long  and  with  a  difference  of  poten- 
tial 01  tO    volts  betv/een  tae  ends,  the  fall  in    potantial  was 
1  volt  per  centimeter.   In  fact  the  contents  of  the  tube, 
originally  homogeneous,  becarrse  heterogeneous,  by  the  passage 
of  tne  current,  and  tnus  tne  fall  in  potential  could  not  re- 
gain regular.    T.-iat  the  fall  was  not  very  irregular  is  shown 
by  his  values  for  tr.e  hydrogen '  icn  ,  which  compare  fairly  v/el] 
•.vitn  those  calculated  by  Kohlrausch. 

Up  to  this  tJme  no  form  of  'ipparatus  nad  been  devised 

which  did  not  use  either  a  porous  diaphragm  or  a  gelatin 

(1) 
solution.   Loeb  and  Mernst    devised  a  form  of  apparatus 

.vhich  did  av/ay  entirely  with  the  porous  diaphragn  UL^ed  by 

Hittorf.    Their  apparatus  was  of  tne  fern  of  a  Gay-Lussac 

burette  with  the  electrode  around  wnich  the  solution  beca'ie 

rr^ore  concentrated  placed  in  the  Icwer  portion. 


(i;.  Zxscnr.  pays.  C-ie^.  2,  948,  (1888). 
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In  their  investigation  tl-iey  worked  upon  eignt  silver  salts 
als=.o  determ'ning  tnei-r  conductivity  and  calculated  their 
ionic  velocity  accord:'ng  to  the  principle  laid  down  by  Kohl- 
rausch  with  the  view  of  still  furtner  testing  tne  modern  view 
of  electrolysis. 

From  their  results  the  values  v/ere  practically  constant  and 
gave  satisfactory  evidence  for  the  truth  of  the  theory;  the 
nurabor  varying  only  witnin  narrow  Units.   They  also  calcu- 
lated the  values  for  the  velocities  of  the  other  ions,  and 
studied  the  effect  of  temperature  on  the  velocity  of  tne  ions 
and  found  tnat  rise  in  temperature  sligntiy  diminished  the 
relative  vejccity  of  the  s'.vifter  ion;  al!!  ions  thus  tended 
to  move  with  the  sarie  velocity. 

Tneir  method  is  subject  to  several  sources  of  error. 
There  is  no  means  of  separating  the  solutions  after  elec- 
troiysisto  be  removed  for  analysis,  and  no  means  to  pre- 
vent diffusion.   Again,  it  is  better  to  measure  tne  current 

by  some  direct  metaod. 

(1)  (2) 

The  metaods  of  Kistinkof  f  sky    and  also  of  Bein   are  quite 

.imilai-  tc-  that  of  Loob  and  Mernst.    Beth  have  nade  slight 


(1).  Ztschr.  phys.  flhem.  6,  97,  (I8d0) 
(^).  ?/eid.  Ann.  46,  29,  (189,0. 


niodi  f  3  cations  in  the  apparatus,  but  the  same  objections  .vhich 

apply  to  the  apparatus  of  Loeb  and  Mernst  hold  in  tnese  cases. 

Kistinkof fsky  used  his  method  to  advantage  to  determine  t 

ions  of  EOir.e  complex  salts,  and  in  this  connection  did  some 

very  i  n  t  e  r  &  s  t  i  n  r,  work. 
(1) 
Whetham  ,  avoiding  the  use  of  a  f;,elatin  solution,  also  all 

porous  diaphragms,  measured  the  velocity  of  the  moving  boundry 

betv/een  two  aqueous  solutions.   In  his  netnod  he  used  t'^o 

salts  tnat  iiad  a  common  ion. 

A  bounding  layer  betvfeen  tne  salt  solutions  was  observed, 
and  absolute  instead  of  relative  measurements  made.   Any 
uncertainty  as  to  tiie  regularity  of  tne  fall  of  potential  was 
avoided  by  the  selection  of  such  pairs  of  solutions  v/hich 
had  equal  or  nearly  equal  specific  cond ac tivi t ie s .    He  em- 
ployed a  vertical  tube  and  observed  the  margin  between  a 
colored  and  a  colourless  solution.   His  results  agreed  very 
closely  v/itn  those  calculated  from  the  conductivity  measure- 
!':ents-for  the  sane  concentration. 

This  method,  however,  as  stated  above  is  verj''  lim.ited  in 
its  application  on  account  of  the  difficulty  of  finding  pair's 
of  solutions  tr.at  fuliill  all  the  necessary  conditions.   It 


(1).  Whetham.  Phil.  Trans.  A.  3i7,  (l89i;. 
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is  also  further  United   by  tne  necessity  for  the  employnient 
of  a  colored  solution  as  indicator,  since  it  is  ir:-.'Ossible  to 
find  an  indicator  v/itn  a  suitably  colored  anion  whicn  will 
not  give  a  precipitate,  vith  such  salts  as  those  of  the  alka- 
line earth  and  the  heavy  metals. 

(1) 
The  next  v/ork  on  this  subject  :/as    dene  by  Schrader 

He  undertook  t c  investigate  aqueous  solutions  containing 
fixtures  of  two  ele ctr oly te s  , su ch  as  potassium  iodide  and 
chloride, and  in  this  manner  deteririine  the  ratio  betv/een  the 
ionic  velocities  of  chlorine  and  iodine.     ;ie  then  compared 
these  results  v/ita  tnose  ootained  by  liittorf.   He  worked  upon 
quite  a  nunber  of  salts,  but  his  principal  work  was  done  with 
solutions  of  copper  and  cadmium  salts.   In  his  investigation 
ne  devised  a  forni  of  apparatus  tiiat  was  different  from  that 
used  by  previous  investigators,  to  o  v  er  c  oie  sor.:e  of  the  defects 

to  vrhich    they  were  subject.   His  apparatus  was  essentially 
a  modification  of  that  used  by  fCis tiakov/sky  but  bent  in  such 
a  forii  taat  he  could  d  rav;  tne  liiuid  off  from  eitner  elec- 
trode for  analysis. 

Tnere  still  regained  nany  serious  defects   in  tne  forms 
of  apparatus,  in  spite  of  tne  fact  taat  many  investigators 
had  worked  upon  tr.is  problem. 


(1).   Zt! 


lek.  Chem.  3  ,  4i 
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All  of  those  nethods  depend  upon  essertially  the  same 
priinciple,  that  is,  the  passage  of  a  knov/n  ariiount  of  current 
through  a  solution  of  the  e] e ctrc ly te  ,  and  the  subsequent  sepj 
ration  and  analysis  of  the  solution  around  the  electrodes,  ye^ 
the  results  obtained  under  similar  conditions  differ  con- 
siderai.'ly.   In  ti-ie  •■vcrk  of  previous  investigators  they  have 
either  separated  the  solutions  around  tne  electrodes  by 
porous  diaphragms,  cr  have  relied  upon  the  difference  in 
specific  gravity  resulting  from  the  electrolysis  to  secure  a 
separation,  and  to  secure  tnis  result  have  placed  the  anode 
and  catncde  at  different  levels  in  their  apparatus. 

Some  of  t ne  nost  serious  objections  have  been  overcome  in 

a  form  of  apparatus  devised  in  this  University  by  Jones 

(1) 
and    ''.lather         >       The    conditi^n.s      ./hich    tnoy   v/ished    to    fulfill 

in    the    ccnstruction    of    this    apparatus    v/ere    as    follows. 
First,    tnat    it    should    be    syminetr  i  cal    in    form    in    order    that 
the    current    could    be    passed    ir.    either    direction. 
Second,    that    it    should    be    large    enough    to    contain    a    suffi- 
cient   quantity    of    liquid    to    allow   a    large    ciiange    in    concen- 
tration. 

Third,    that    it    shoudl    be    provided    with    a    means    of    separating 
the    tv/o    solutions    around    the    electrodes    after    tiie    electro- 
lysis. 
Fo';rta,     ...a^    uiffusion    siiould    be    overcome    as    far    as    possible. 


(Ij.   Araer.  Cnem.  Journ.  26,  473,  (1901) 
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The  apparatus  wnich  they  devised  to  fulfill  these  condi- 
tions may  be  described  as  follows.   It  consists  of  tv/o  limbs 
united  near  the  upper  end  by  a  U-tube,  the  bottoM  of  whicn 
does  not  quite  corae  to  the  lower  ends  of  the  lin-bs.   At  the 
center  of  this  U-tuhe  is  a  stop-cock  of  large  bore.   The  lower 
ends  of  the  liinbs  are  closed  vfitii  ground -glas  s  stoppers, 
through  which  holes  are  bored  and  the  electrodes  inserted. 
The  upper  ends  of  the  limbs  above  t:'.e  U-tube  are  contracted  to 
a  comparatively  s'^iall  bore  and  graduated  in  millimeters  in 
order  to  level  the  solution.   This  apparatus  is  then  connected 
to  a  brass  frame  which,  by    means  of  a  tube  and  clamp  screv/', 
can  be  secured  in  an  upright  position  to  a  rod  on  tiie  table 
cr  in  the  bath.   This  is  tlien  calibrated  in  order  tc  deter-:ine 
the  ratio  betYreen  the  contents  of  each  side. 

'■Vith  tnis  apparatus  t  ley  could  completely  separate  the 
solution   arund  one  electrode   from  that  around  the  otlier 
and  accurately  determine  the  increase  in  concentration  on 
one  side,  and  the  decrease  in  concentration  on  the  other. 

T;i8  current  in  their  i  nv  est  i  [vat  i  on  was  measured  by  means 
of  a  silver  voltameter. 

They  had,  however,  some  difficulty  in  securing  an  accurate 
adjustment  of  level  after  the  electrolysis  in  the  first  form 
of  apparatus  and  tiierefore  m.odified  it  somewhat. 


The  for::;  of  apparatus  employed  in  these  first  determinations 
was  a  'noc  i  f  3  cation  of  that  finally  adopted,  w.iich  is  described 
above.   In  the  fori!  used  at  this  time  the  limbs  were  of  full 
size  tnrcughout  the  entire  length  with  the  stoppers  at  the 
top.   The  electrodes  «-ere  at  the  end    of  elass  tubes  'fl'hich 
were  inserted  through  the  stoppers  and  extended  to  the  bottom 
of  the  limbs;  and  in  order  to  secure  adjustr.ent  of  tne  level 
of  the  liquid  in  the  two  limbs  it  was  necessary,  at  the  close 
of  the-  experiment  ,  to  sl:giitly  raise  the  stopper  in  order  to 

permit  the  entra;ce  of  the  air.   This  no  doubt  did  not  se- 
cure a  ver-  accurate  adjustr^ent  of  level  in  the  t^o  limbs, 
and  this  discrepancy  was  reccp;nized  by  tr.e  investigators 
who  then  devised  the  final  form  as  stated  above. 

This  i  n v e  s  t i  r a t  i 0 n  ,  as  vv d  1 3  be  s  o e  r  f  r  o n  above,  dealt 
chiefly  with  the  improve'^ient  of  the  apparatus,  the  experi- 
ments being  limited  to  solutions  of  silver  nitrate  in  water  and 
ethyl  alcohol,  and  silver  acetate  in  water. 

In  the  investigation  of  these  salts  in  the  different 

e  a  c  h 
solvents  results  were  obtained  v^hich  coniuared  weli!  v/ith^other, 

although  some  difficulty  was  encountered  in  the  investigation 

of  sr.lver  acetate  in  aqueous  solutions  when  the  solutions 

v/ere    very  concentrated,  w:iich  was  probably  due  to  the  forma- 


tion  of  complex  ions.     Thej'  also  tried  tl-.e  effect  of  allow- 
ing the  electrolysis  to  proceed  for  different  intervals  of  time 
and  from  their  results  no  d:fference  could  be  detected  in  the 
relative  velccnti. es  of  tie  ions. 

In  their  i  nve  sti  r^ati  on  of  silver  nitrate  in  ethyl  alcohol, 

(1) 
they  cane  to  pracitcally  the  sa.rie    conclusions  of  Lenz    ,  who 

V7as  t  iie  only  investigator  that  had  vrorked  upon  alcoholic  so- 
lutions of  salts  up  to  this  time.   His  v/ork  was  dene  some 
fifteen  years  before. 

From  their  results  they  calculated  the  absolute  velocities 
of  the  ions  according  to  the  la.7  laid  down  by  Kohlrausch,  as 
far  as  data  were  available  for  the  conductivity  at  infinite 
dilution  of  the  solutions  employed. 

A^  the  end  of  this  investigation  tr.e  fol]ov/ing  conclu- 
sions were  drawn. 

1.  That  the  wide  differences  observed  between  the  velocities 
of  cation   and  anion   at   0  C  becomes  less  as  the  teiipera- 
ture  rises;  the  velocities  tending  to  become  equal,  as  had 
been  observed  by  others. 

2.  That  the  effect  of  decrease  in  coiicentration  is  in  the 
sarne  direction  as  that  of  increase  in  temperature. 

3.  That  the  velocities  are  largely  dependent  upon  the  nature 
of  th.e  solvent. 


(1) 


Petersb.  Ak .  30,  ^!r  ,  9,  (leS.^ 


Since  t.-.is  investigation  quite  a  nu.'nbar  of  papers  riave 

apr.eared  upon  this  problem. 
(1) 
Gordon    since  the  tine  of  ''ather'  s  -//ork  has  investigated 

the  variations  of  ter.iperature  on  cadmium  salts  in  aqueous 
solutions.   He  states  t.iat  tne  ole  c  tro -ot  iv  e  force  of  the 
ele-'-ient  Cd  :  Cd  SO^aq  ;  Cu  GO^  aq  '•      Cu  increase  v/itu  tempera- 
ture, indicating  a  diminution  in  the  concentrations  of  the 
cadmium  ions,  which  r^ay  be  due  to  the  formation  of  molecular 
agj;regates.   This  .vas  proved  in  the  case  of  the  halogen  cad- 
mium salts.   On  this  assumption,  the  transference  ratio  should 
not  be  greater  at  higher  than  at  low  temperatures,  i.  e.  the 
ratios  of  tiie  weights  of  cad'-'ium  which  has  actually  passed 
from  the  anode  liquid  to  the  quantity  deposited  on  the  catnode, 
or  dissolved  from  the  anode. 

Hopfgarten    did  sone  .-rork  similar  tc  that  of  Schrader 
mentioned  above,  but  it  does  not  iiave  any  direct  bearing 

unon  the  subject  unOer  investigation  in  this  paper. 
(3) 
Kumnel    ,  ho. /ever,  has  shown  tiiat  the  limiting  Vilues  for  th< 


(2).  Ztschr.  phys.  fieu.  25,  115,  (18J3J. 
(1).   Ztschr.  phya.  ^  em.  23,  -1:63,  (1897;. 
'3).  7eid.  Ann.  64,  6  55,  (1808). 
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nitration  constants  of  zinc  and  cadiniu-ji  salts  can  be  rjirectly 

deter^nined  with  the  haloid  coranounds  when  the  dilution  is 

l/lOO  to  1/500  norvn-j.1,  and  that  these  values  are  also  in 

keeping  with  the  Kohlraunch  law.     In  his  investigation  it 

appeared  that  the  sulphates  g-ive    complex  ions  and,  therefore, 

do  not  give  results  consistent  with  the  Kohlrausch  law  for 

the  dilutions  stated  above.   His  riethod,  however,  is  sirailar 

tc    that  of  Lodge. 

The  most  elaborate  inve  sti  r^at  ion   on  t.iis  problem  since 

(1) 
tne  ti-ne  c'  Hittorf  was  carried  out  by  Bein  .   He  describes 

in    all  five  forms  of  apparatus  with  various  -leans  of  separa- 
ting the  cathode  solution  from  the  anode  solution.   In  one  or 
two  of  tnese  forms  he  makes  use  of  a  pinch  cock  to  separate 
then.   In  another  form  he  used  the  method  devised  by  Loeb 
and  Nernst;  while  in  still  anotaer  form  he  separates  the 
liquids  by  means  of  a  mercury  column.    It  ca-"  be  said  that 
most  of  the  forms  of  apparatus  devised  by  him  are  very  ccm.- 
pxex,  probably  more  complex  tnan  is  necessary. 

The  work  of  previous  observers  .is  also  discussed  at  con- 
siderable length  .-/ith  special  reference  to  tiie  influence  of 
diffusion  on  the  values  obtained. 

The  method  used  bv  the  author  consists  in  the  analysis 


1).   Ztschr.  phys.  C:ie:'i.  27,  54,  {18)2)  ;     i&  ,    -l  3  3  ,  (1839) 
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of  tne    anodic,  mean,  ano  cathodic  liquids,  various  foras  of 
apparatus  being  employed,  'according  to  the  dilution  of  the 
electrolyte  and  the  te-nperature  required.   All  these  are  de- 
scribed and  numerous  figures  are  given.   F'or  sodium  and  hydro- 
gen chlorides,  the  values  were  found  to  be  almost  independent 
of  the  concentration  but  vary  v/ita  tne  te 'ip  er  ature . 

The  transference  nunbors  for  anions  are  given  by  the  ex- 


NaCt:    jy^=    0.6^2    +    0.00074    t. 
For    potassr"u7n    C[iloride    t.ie    values    ar( 
=    0.503 
n7^=    0.513 
They    aere    obtained    and    appeared    to    be    independent    of    con- 
centration:^    at    least    bet.'/ee-'    tne    li-riit    of    one-fifth    and    one- 
hundredth    normal. 

For    lithium    c'aloride    tne    values    n     =    0.624    and    n„^=    0.621 
■Here    obtained    in    one-hundredth    nornal    solutions,    .vnile 
n    =    0.672    and    n        ■=*   0.610    for    one-fifth    to       one-t'.yent  i  e  th 
normal    solutions.       For    am-aonium,    rubidium,    ceasium    and    thallium 

chlorides    t -le    values    0.507,    0.515,    0.508    and    0.516    v/ere    re- 

o 

spectively  obtained  at  about  20  •   Calcium  chloride  ■ave  re- 
sults similar  tc  tnose  obtained  for  lithium  cnlcride  the 
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transference  ratio  caan.'Jiing  but  slightly  wit.i  dilution  at  high 
te-^iperatur  es  . 

For  barium  chloride  n   =  0.559  and  n-y =  0.515  in  solutions 
containing  0.04^^  chlorine. 

For  cadmium  chloride  n..=  0.568  and  n„_=  0.4:7;j  in  solu- 
tions  -.vith  0.2^  chlorine  but  at  higher  concentration  the  tem- 
perature change  -Aras  much  less. 

Silver  acetate  (j;ave  t-ie  values  n,„=  0.413  a»^d  n ^    =    0.1r39, 
•If  h  i  c  'i  ,  h  c  v;  e  V  3  r  ,  do  not  agree  v/  i  t  n  t  n  o  results  of  ;'  e  r  n  s  t  and 
nittorf.   Sulphuric  acid  gave  numbers  in  accord  .vith  the  ex- 
pression n^   =  0.160  +  0.0015  t  and  tnese  also  differ  from 
Hittorf  s  values . 

For  copper  sulpnate  the  values  vary  sligiitly  witn  concen- 
tration and  temperature  and  apparently  gave  a  good  maximum  of 
0.ed.i    at  15  . 

Silver  nitrate  gave  the  value  n,  =  0.517  changing  but  slightly 
wit.i  temperature.   Tne  re-iaining  determinations  were  made 

D  O 

at  temperatures  of  about  20  -  25  with  t  ;i  e  f  o  1 1  o  w  i  n  -  results. 

Salt  n  n 

Strontium  chloride   0.560  Thallium  sulphate  0.5-38 

'''agnesium  "  0.615  ''agnesium    "  0.541 

'.'anganesa  "  0.61ii  Sodium  carbonate  0.600 

Cupric  "  0.595  Potassium   "  0.435 

Cobalt  "  0.585  Sodium  hvdroxide  0.799 
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Ammonium  h-/droxide  0.5  62 

Calcium      "  0.78G 

Potassium  pe  rmanffanat  e  0.55'3 

Sucinic   acid  0.23':^ 


Salt  n 

Sodium  broraide  0.62  5 
''otassium  iodide  0,505 
Nitric  acid  0.17^ 
Sodium  nitrate  0.629 
Oxalic  acid         0.214 

Gcnie  determinations  ;/ere  also  -^ade  by  him  in  the  case  of 
solutions  of  concentrations  from  three  to  four  tines  noraal. 

The  values  obtained  differ  very    c  o.is  id  er  ably  ,  hov/ever, 
fron  those  at  low  concentrations  and  exaibit  a  '"f.uch  more 
marked  tenperature  change.   He  also  reviev/s  tne  various  values 
for  transference  ratios  of  salts  obtained  by  different  metaods 
and  it;  led  to  the  general  conclusion  tnat  the  relative  velocity 
of  the  Cat:' on  is  in  all  cases  less  v/hen  a  dividing  membrane 
is  used  than  ivhen  no  such  division  is  e-^ployed.   This  dif- 
ference is  nost  marked  for  anirnal  ne-ibranes,  and  is  snail 
or  negligible  for  porous  clay  divisions  or  parchment  paper. 
In  order  to  test  the  correctness  of  t:iis  conclusion,  the  trans- 
ference ratios  of  hydro£;en,  sodiun,  litniuia,  calciu-a  and 
cadr.iiura  chlorides  were  deter:;iined  //ita  various  septa  of  (l) 
clay  (2)  parcament  paper  (3)  fish  bladder  or(4:)  gold  beaters 
skin,  and  in  all  cases  the  velocity  of  tne  Cation  is  diminished 
b J'  used  of  the  last  two  a e -t b r a n e s  .   The  v a ]  u e  s  obtained  by 
Hittorf  and  othe"-   - ^ -^   Tembraneous  septa  are  collected  and 


compared  with  those  obtained  by  the  author.   This  influence 
of  tne  'nem.brane  does  not  appear  to  depend  on  its  general,  per- 
meability, and  t.ie  probable  ca'use    is  briefly  discussed.   It 
ma]/'  be  due  to  a  che-iical  activity  of  trie  membrane,  waich 
would  hence  possess  the  character  of  an  acid   or  to   polari- 
sation induced  by  thu  current  in  tne  membrane.   In  either 
case  the  result  is  t.aat  membranes  actually  behave  as  partial 
semipermeable  divisions. 

The  next  work  to  be  considered  tOn  tnis  problem  is  tnat  of 
0.  :'asson    v/ho  has  devised  a  no.v  form  of  apparatus  for  meas- 
uring absolute  velocities.  He  recognized  tne  doubtful  validity 
of  Lodge's  method  and  trie  narrow  scope  of  '.Vhetham's   and  thus 
v/as  led  to  devise  a  new  met.iod  of  measuring  directly  tne 
velocity  of  ions.   Two  flasks  each  provided  -with  a  lateral 
opening  are  connected  by  a  graduated,  horizontal  tube  con- 
taining a  mixed  solution  of  gelatin  and  tne  salt  to  be  in- 
vestigated (compare  ^'asson  and  S  teela  , Trans .   18j9,  75,  7^6). 
Tlie  flasks  contain  suitable  solutions  into  w.iich  the  elec- 
trodes dip.    These  anode  and  catnode  solutions  nuat  both  be 
distinctly  colored;  the  colored  ion  being  the  cation   in  tne 
anode  solution,  and  the  anion  in  the  cathode  solution. 

Further,  tno  colored  ions  must  migrate  at  a  specifically 


( 1) .  Ztschr.  phys.  Chera.  29,  501,  1833;  Phil.  Trans.  192  A,i31 
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slower  rate  t.ian  tne  corresponding,  ions  of  the  salt  in  tae 

tube.   A  suitable  anode  solution  is  copper  sul^phate  with  a 

copper  anode.   A  suitable  cat/iode  solution  is  sodium  chrciate 

vntn  a  platinum  catiiode. 

When  i  current  passes,  .ae  progress  of  the  cations 

(for  exa:iple  K  )  in  tie  colorless  gelatin  solution  is  accom- 

+ 
panied  by  an  equal  advance  of  t.ie  blue  Cu  ions;  tae  anions 

(for  example  CC   )  are  siailurly  followed  by  the  yellow  Cr  0 
ions.   The  contents  of  the  tube  tnus  becoine  blue  at  one  end, 
colorless  in  tae  mdddle,  and  yellow  at  the  otner  end.   Tne 
relative  length  of  tne  blue  and  yellow  parts  gives  the  ratio 
of  the  velocities  of  cation   K  and  anion  CC  .   Irotn  this  ratio 
the  migration  numbers  can  be  calculated  and  compared  with 
tne  values  found  by  Hittorf. 

Tne  metnod  depends  asse-ntially  on  tne  supposition  tnat  tne 
progress  of  the  colored  ions  is  determined  by  the  velocity  of  the 
colorless  ions  in  front.   Analysis  showed  that  the  bounding 
plane  between  colored  and  colorless  zones  is  very  sharp. 
The  relative  length  of  tr.e  blue  and  yellow  parts  re-^ains  con- 
stant througnout  one  experiment  and  is  the  same  for  different 
experiments  at  the  ea-ne  concentration.   The  ratio  6f  the  ionic 
velocities  for  the  sane  salt  is  the  sane  when  potassium  ferro- 


cyanide  or  potass^urp.  tartrate  is  substituted  for  sodJum  chroniate 
Theory,  too,  excludes  any  mixture  of  the  ions,  provided  tnat  the 
colored  are  specifically  slov'/er  than  the  colorless  ions  vniich 
proceed  taern. 

The  "ligration  numbers  for  t  ae  anion  obtained  from  the  ratio 
of  the  ionic  velocities  are,  in  tne  case  of  sodium,  potassium, 
and  annionium  salts,  s;^aller  than  those  found  by  Hittorf,  //hose 
values,  hovever,  hold  for  more  dilute  solutions  tnan  those 
used  by  tne  author. 

Contrary  to  qittorf's  observation,  tne  migration  number  for 
the  C  L'   ion  seems  to  decrease  sligh-tly  *itn  increasing  con- 
centration. 

The  relative  velocities  of  t 'le  ions  are  cc^mpared  with 
Ko  Jilr  aus  oil*  s  numbers,  and  a  fair  agree-nent  is  found.   Tne 

absolute  velocities  are  s  laller  than  in  aqueous  solution. 
(1) 
Hohlrausch    ,  about  this  same  time  publis:'.ed  an  investi- 
gation upon  tne  velocity  of  ions  i  .  dilute  aqueous  solutions 

c 

up  to  one-tenth  normal  working  in  all  cases  at  18  C.    He 

showed  that    for  solutions  of  one-tv/ent ieth  tc  one-tenth 
of  the  normal  concentration  the  conductivities  of  compounds 
composed  of  univalent  ions,  or  of  univalent  ions  in  union  with 
bivalent  ions,  nay  be  calculated  from  tne  ionic  velocities, 
waich,  in  tnis  case,  depend  for  each  univalent  ion  on  concen- 


(1).  Ann.  phys.  Chem.  (ll),  G6  ,  785,  (1838). 
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tration  only.   This  does  not  hold  for  compounds  composed  of 
bivalent  ions  only.    For  these  coranounds  the  velocities  vary 
in  eacn  case  -irit  ■.    increasing  concentration,  in  the  same  regu- 
lar raanner  from  the  velocities  in  solutions  of  infinite  di- 
lution, so  tnat  if  C     is  t.ie  velocity  in  a  solution  of  concen- 
tration n,  and  ^o-  the  velocity  at  infinite  dilution  ^=  <^«,  -0  n 

wiiere  0  is  the  constant  for  all  ions.   If  t -le  conductivity 

-1    -1 
is  given  in  cm   ohm   ,  and  t ne  concentrations  in  gran  equiva- 
lents per  litre,  Q  has  tne  value  <dl3.   This,  aov/ever,  does  net 
hold  for  tne  hydroxyl  ions  of  the  bases  or  the  hydrogen  ions 
of  tne  acids,  as  the  decrease  in  velocity  >vith  rising  concen- 
tration is  far  more  -^ -irked  in  tnese  cases.   The  fall  in  trie 
velocities  of  the  bivalent  ions  is  also  not    quite  the  sane 
wnen  these  ions  are  in  union  with  univalent  ions  ,, as  \^i\en    in 
union  ffit;i  other  bivalent  ions. 

All  ions  in  solutions  of  infinite  dilution  have  velocities 
entirely  independent  of  the  other  ions  7/ith  vaich  they  are 
associated  . 

Among  the  later  investigations  on  the  subject  is  that  of 
(1) 
Steele    .     The  met  - lo d  e'ploysd  by  him  is  in  principle  the 

sane  as  that  of  ''asson  in  that  the  velocity  of  nove-nent  of.  a 

layer  bet.vecn  ttfo  solutions  is  measured,  tne  aeasured  ion  bein- 


(1).  Journ.  Chera.  Soc.  7J,  ll'l- ,  (19  01). 


follov/ed  in  all  cases  by  an  indicator  ion  of  specifically 
slovver  velocity.   Like  the  nethod  of  '^^asson  it  is  also  a 
method  of  comparison.   In  a  p:iven  experiment  the  velocities 
of  the  boundaries  at  tne  anode  and  cat  node  end  of  a  homoge- 
neous solution  are  compared,  both  bein,'-  driven  by  the  sane, 
unknown,  potential  fall  per  centimeter.    The  letaod  differs, 
ho  /ever,  from  'fasson's  in  t.vo  esse'itial  respects;  first,  the 
meas  are:nentd  are  made  in  ./ater  and  not  in  gelatin,  and  second, 
the  employment  of  a  colored  ion  as  indicator  is  not  necessary. 
All  that  is  requi-'-ed  is  t  lat  a  solution  of  the  indicator  con- 
taining about  the  sa^e  number  of  gram-raol  ecule  s  per  litre  as 
the  measured  salt  solution  should  differ  frcm  the  latter  in 
density  and  refractive  po-'/er.   Tne  c'noice  of  indicators  is  thuj 
very  largely  increasedn.    still  tnis  method  -fails  to  deter- 
mine accurately  X  U  and  X  V,  since  it  has  not  as  yet  been 
found  possible  to  measure  U  directly,  altnough  this  may  be 
calculated  very  approximately. 

The  essential  feature  of  this  met  'lOd  consists  in  the  inpris* 
cuiuent  of  the  aqueous  solution  to  be  -easured  between  two 
partitions  of  gelatin  containing  the  indicator  ion  in  solu- 
tions, tius  preventing  displaoement  of  tne  liquid  during   tne 
course  of  the  experiment. 

The  results  obtained  from  his  experiments  confirm  those 
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prev::ously  calculated. 

Tiie  only  apparatus  .vhich  differs  to  any  considerable  ox- 
tent  from  that  used  bv  previous  exp er inent er s  has  been  devised 

(1) 
by  A.  A.  Noyes    .   It  consists  of  U-tubes  attached  by  rub- 
ber tubing,  the  electrodes  being  inserted  into  tne  long  arm 
of  t  lie  tubes  i  and  these  filled  fiith    a  solution  to  only  a  few 
centimeters  above  the  bend.    After  electrolysis  he  divided 
the  solution  into  three  separate  portions.   Wdtii  this  appa- 
ratus :!oyes  has  done  some  very  accurate  work.   He  m.ade  use 
of  this  apparatus  especially  in    the  deter'aJ  nation  of  the 
relative  velocities  of  tne  ions  of  such  salts  as  potassium 
chloride,  sodium  chloride  ,  etc ,    In    these  experiments  he 
used  -ilatinua  electrodes,  and  titrated  the  alkali  and  acid  as 
they  were  formed  arcund  the  electrodes  by  means  of  burettes 
inserted  into  the  stoppers. 

So  far  no  work  has  been  done  in  dilute  solutions  and  it 
was  important  that  this  point  especially  should  be  investi- 
gated.    The  noxt  work  on  this  problem  v/as  done  bv  Jahn 
and  a  number  of  students  working  under  him  in  the  Univers'ty 
of  Berlin.     They  used  an  apparatus  differinp;  from  any  pre- 
viously employed  but  resembling  in  some  points  that  used  by 


(1).  Ztschr.  phys.  C^^em.  36,  61,  (1901). 
(-3).  Ztschr.  phys.  faem.  37,  G73,  (1901) 


Thei''  apparatus  consisted  of  a  vessel  of  ti'ie  form  of  an 
Erlenmeyer  flask  connected  with  a  U-tube  W;iich  made  connection 
'ffith  a  larger  part  of  the  apparatus  which  could  be  varied 
in  size  according  to  the  dilution  of  t  h ..  solution  to  be  used. 
The  anode  which  v/as  inserted  into  the  part  of  the  apparatus 
Y/hich  could  be  cnanged  and  consisted  of  the  metal,  silver 
copper,  cadmiun  and  etc.,  according  to  the  salt  under  inves- 
tigation or  dissolved  in  the  acid  for.-ned;  wriile  tne  cathode 
consisted  of  mercury  'j/aich  r.ade  connection  'vith  the  circuit 
by  -.neans  of  a  copper  wire  protected  by  a  glass  or  rubber  tube^ 
the  -nercury  being  covered  by  a  copper  sulphate  solution. 
By  means  of  this  apparatus  tney  determined  tiie  transference 
numbers  of  tne  following  acids  and  salts)  hydrochloric  and  ni- 
tric acids , sodium ,  lithium,  barium  and  cadmium  chlorides, 
potassium,  sodium  and  cadmium  bromides,  silver  nitrate,  cad- 
mium iodide,  cadniun  and  copper  sulphate. 

In  the  determination  with  hyd  ro  c  iilor  i  c  acid  an  amalgamated 
zinc  rod  was  used  as  the  anode,  while  in  the  case  of  nitric 
acid  the  anode  consisted  of  a  silver  rod  wnich  had  previously 
been  amalgamated. 

In  the  d  eter --ination  of  the  migration  velocities  with  the 
al^^ali  and  alkaline  earth  salts,  the  amalgamated  zinc  rod  was 
used.  In  every  case  they  made  an  analysis,  both  of  the  anode 
solution  and  the  neutral  layer. 


■iO. 

In  their  investigations  on  silver  nitrate, the  cad.:'iiun  salts, 
and  cox-iFer  sulphate,  tiiey  used  the  rne  tal  carefully  purified 
fcr  tr.e  anode,  and  in  t  ae5td  e  t  errninat  ions  v/ere  able  tc  deter- 
r.ine  the  difference  in  concentration  by  making  an  analysis 
for  the  "letal  itself.   In  t  ni  e  i  nv  ost  i  ration  they  also  deter- 
niined  the  effect  of  dilution  upon  the  relative  velocities,  and 
found  tiiat  :' n  many  cases,  such  as  in  the  cadiniuia  salts,  they 
did  !iot  become  constant  until  dilution  betv/een  20C  and  300  were 
reaciiedi   They  compared  their  results  v/ith  those  obtained  by 
Bein  and  Ilittcrf  and  tney  a:j;reed  very  welil  v/ith  the  exception 
of  l:^thiun  chloride,  v/nich  agreed  much  better  ,vith  the  results 
obtained  by   Kuschel. 

Fro::;  all  the  7/  o  r  k  done  up  to  this  time  t  ii  e  r  e  s  t  i.  1 1  is  a 
li;^it  in  the  dilution  at  wnicii  it  beccnes  impcssible  tc  r.eaB- 
ure  the  transport  numbers.   Even  in  t/ie  v^ork  of  Jahn  and 
his  pupils,  Ncyes  and  Bein  the  dilutions  are  limited.   In 
Jann's  work  he  could  not  get  very  accurate  results  above  a 
dilution  of  OJie  hundred  and  fiftieth  normal,  and  this  range 
is  not  sufficient  to  r.'^easure  the  constant  transport  numbers  of 

aiany  salts,  espcciallv  the  d  i  ad  and  triad  salts  of  which  only 

(1) 
a  fev/  have  probably  been  deternined.    Steele  and  Denison 

undertook  to  measure  the  transport  nu'abers  of  salts  at  dilutions 


(1).  Journ.  (,..e  1. 
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comparable  with  tr.ose  at  v/riich  accurate  co  nduct  3  vi  tj'  measure- 
nients  are  mads  and  also  tc  test  -.v-etner  at  sucn  dilutions 
the  transport  numbers  v/ould  become  constant.   Tney  selectt-d 
the  salts  of  calcium  for  their  experiments  because  good  meas- 
urements of  their  conductivities  had  been  made  at  dilutions  of 
n  =  0.0001  .   TnuE  to  v/ork  at  dilutions  ccmparable  v/itn  the 
conductivity  measurements  tney  would  aave  to  v/crk  with  solu- 
tions varying  betveen    one  two  hundred  and  fiftieth  normal  to 
one  four  uundredtn  nor.;ial  ,  it  not  ueing  practicable  to  -.vork 
at  r.ucn  greater  dilutions  on  account  of  the  impossibility  of 
purifying  such  large  quantities  of  yater  v/  den  v/ould  be  re- 
quired for  tne  experiments.      In  sucn  dilute  solutions  as 
these  referred  to  above  they  shov/ed  tiiat  it  v;as  obvious,  tnat, 
in  order  to  get  an  appreciable  quantity  of  the  salt  carried 
by  the  current,  a  large  volume  of  solution  would  nave  to  be 
electrolysed  or,  by  using  sriall  volumes,  the  experiment  would 
have  to  be  carried  for  a  long  time  to  get  an  appreciable  change 
in  concentration.   Of  tne  tv/o  alternatives  the  former  was 
chosen  because  in  using  tne  latter  method  the  experiment  would 
be  in  danger  of  being  lost  on  account  of  a  backward  diffusion 
caused  fay  the  differences  in  concentration  in  the  m.iddle  layer. 
However,  by  selecting  the  form.er  alternative  and  employing 
the  usual  metnod,  the  apparatus  would  be  of  unmanageable  size. 


Vith  these  facts  in  view  they  devited  an  apparatus  v/hich  ad'-nits 
of  t.ie  eloctrclysis  of  almost  unlimited  volur.es  of  liquids. 

The  apparatus  used  by  tue'-n  con&i&ted  of  a  'Af-saaped  tube 
v/hich  was  connected  with  a  reservoir  to  v/nich  fresh  qaantixies 
of  solution  could  be  added  as  that  in  the  apparatus  was  drawn 
off  at  trie  bottom  of  the  li.-nbs  in  the  -V-shaped  tubes.   The 
acid  and  alkali  formed  v/ere  neutralized  by  tne  addition  of 
snail  quantity  of  h/z    alkali  and  acid  respectively.   The 
addition  of  tnis  aleo  cvercar.ie  tr.e  concentration  caanges  .vhich 
.7  0u1g  necessarily  be  formed  and  cause  diffusion  back  into 
the  tube.    By  using  an  apparatus  coi-structed  in  tnis  ■nanner 
they  could  drav?  off  each  side  separately,  and  tlien  refill  the 
apparatus  fros  tne  reservoir,  and  allow  electrolysis  to  pro- 
ceod^  until  several  litres  of  solution  had  been  passed  tr.rough 
the  apparatus.    In  tneir  i  nv  e;s  ti  r,at  i  on  they  determined  the 
trar. sport  nunbers  for  cupric  cnloride,  copper  sulphate,  cupric 
nitrate,  as  v/ell  as  for  potassium  chloride.    The  current  was 
measured  by  a  silver  voltarp.eter . 

The  values  v/Mich  they  found  for  potassium  chloride  agree 
satisfa-ctorily  with  all  the  best  values  obtained  by  ot.ier  in- 
vestigators in  this  field,  and  also  confirm  Kohlrausch's 
assumption  as  tc  the  constancy  of  the  transport  muaber   for 


salts  of  this  class  v/it!a  increasing  dnluticn. 
(1) 
Steele  ,  after  this  investigation  carried  out  by  himself 

and  Teniscn  proceeded  with  tne  investigation,  usinp;  tne  appa- 
ratus fcrnially  used  by  liimself  and  described  above  in  this 
paper.    In  this  investigation  the  transport  numbers  of  such 
salts  as  bariuin  chloride  and  magnesium  sulphate  were  doter-L:ine< 
He  car-^e  to  the  fcllcv/ing  conclusions  concerning  tne  results 
obta: ned  . 

(l).  Tne  transport  nu-iber  is  not  independent  of  the  concen- 
tration.  This  nad  already  been  pointed  out  by  others. 
(2).   The  specific  icnic  velccitty  of  the  cation  varies  ./ith 
the  particular  salt  under  investi'^ati.  en. 

(3).   Tne  current  measured  by  tlie  galvano.net er  is  not  tne 
^ame  as  tnat  calculated  frora  the  observed  velocities. 

Tne  explanation  that  the  specific  ionic  velccities  vary 
with  the  concentration,  and  vary  more  for  some  ions  than  for 
otners,  he  attributed  to  the  fcrmatlcn  of  complex  ions  in 
solution,  but  this  I'leans  a  motion  of  at  least  a  portion  of 
the  unu  issoc  i-.ted  salt  along  v/ith  t.-.e  ions,  and  consequently 
the  concentration  of  tne  solution  at  the  margin  is  -j-ltered, 
and  tnis  interferes  with  the  regularity  of  the  potential  fall; 


(1).  Phil.  Trans.  198,  A,  (iDOl). 


the  velocity  of  the  margin   beDr.g  correspond  inglv  affected. 

(1) 
's/ith  these  points  unsettled,  A.begg  and  Gauss    undertook 

to  investigate  those  points  raised  bv  Steele.    They  investi- 
gated the  influence  of  the  initial  concentrations  of  the 
neighboring  electrolytes  and  re  com'-nend  ed  t:>at  in  Steele's 
method  tbre    concentration  of  the  indicator   jelly  should  be 
at  least  equivalent  to  that  in  the  middle  elt;ctrclyte. 

They  attributed  tne  differences  uetween  the  results  obtained 
by  Hittorf's  met  nod  arid  those  obtained  by  the  direct  method  of 
Steele  to  the  influence  of  cataphoresis  on  tne  moving  bounda- 
ries ,  and  snowed  that  .7:ien  a  correction  for  tnis  influence  is 
applied,  tne  transport  number  for  cnlor'Jne  is  the  same  as 
that  found  by  Hittorf. 

The  effect  of  electrical  endosmose,  having  been  s  lown 
(2) 
:n  only  one  case,  Fenison   ,  now  studying  at  tne  University 

of  Breslau,  undertook  to  inve  st  if-iat  e  a  number  of  salts,  and 

rt;easure  accurately  this  endosmose,  and,  if  oossible,  ascertain 

its  effect  on  the  transport  numbers. 

The  metiiod  used  by  him  was  practically  that  used  by  Steele. 

A.  few  changes  v/ere  made  in  tne  apparatus  by  whicn  he  could  nieas' 

ure  the  endosr^ose  and  also  obtain  a  constant  voltage. 


(Ij.  Ztschr.  pnys.  Chem.  40,  737,  (1902). 
(2).   Ztscnr.  phys.  Cnern.,  4:4,  57 5,  (1903) 
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He  sho./s  very    clearly  taat  in  salts  of  the  alkali  metals  witii 
the  exceptDcn  of  lithium,  if  proper  allo\yance  is  made  for  the 
endosmose,  very  accurate  results  can  be  obtained.   He  found 
the  sarrie  exception  .vitu  lithium  chloride  as  had  been  found 
by. previous  investigators,  for  instance,  it  exhibits  an  in- 
crease in  the  transport  number  for  the  anion  with  increase 
in  concentration. 

Upon  investi  rati  ng  salts  v/hich  were  capable  of  for^ning  com- 
flex  ions  or  undergo.-'ng  nydrolysis,  the  values  obtained  for  tht 
transport  numbers  did  not  agree  v/ith  those  obtained  by  Hitt  = 
erf,  even  after  tiiis  correction  had  been  applied,  but  there 
is  a  p  a  r  a  1 1  e  1  i  L^  ra  b  e  t  v/  e  e  n  the  t ./  o  series  of  results. 


In  a  water  solution  vvnere  tue  electrolytes  .vere  separated 
by  geJatin,  he  also  observed  that  crevices  occurred  in  ^he 
gelatin  which  began  by  the    appearance  of  a  bubble  of  ^as,  and 
that  tnis  rapidly  grew  and  became  a  large  space. 

This,  as  v/as  referred  to  above,  was  a  serious  difficulty 
■viiich  Lodge  and  I-Tasson  had  encountered.   But  he  succeeded  in 
shov/ing  that  tnis  did  not  change  the  potential  falJ  in  tiie 
middle  electrolyte  but  did  rr.ake  snail  differences  in  the  en- 
d  osmose,  whicii  nad  to  be  taken  into  account. 

In  this  investifaticn  he  also  studied  ti^e  effect  of  gela- 
tin on  the  transport  nui.ibers.   He  observed  that  tne  transport 


nunbers  Pleasured  in  gelatin  solution  are  tne  same  as  tnose 
obtained  in  aqueous  solution, so  long  as  the  gelatin  is  liquid, 
the  concentration  of  tne  gelatin  exerts  no.infJuence. 

In  solidified  j'.elatin  tne  transport  numbers  are  quite 
different,  and  it  api-ears  that  under  these  conditions  the 
velocity  of  the  cation  is  retarded  relativelj'-  to  that  of  the 
anion;  tne  absolute  velocity  in  gelatin  being  slov/er  than 
in    v/ater.   Thus,  the  transport  number  for  the  anion  in  gelatin 
alvays  appeared  too  larjfe.   A  similar  phenomenon  is  observed 
in  very  concentrated  aqueous  solutions,  and  it  is  very  prob- 
able that   in  botr:  cases  tne  specific  frictional  coeffJcient 
of  t  .ae  ions,  as  \Yell  as  tne  formation  of  complex  icns,  play 
an  inportant  part. 

He  also  considers  it  probable  that  the  gelatin  enters 
into  combination  with  certain  salts  forniing  complex  cations. 
He  also  states,  in  sunport  of  tnis  view,  that  it  "lay  be  pointed 
out  that  vari<us  proteidshave  the  power  of  cornb;'ning  with  acids 
and  alkalies  forming  corapeunds  of  a  salt-like  character,  and 
therefore  there  are  good  reasons  for  regarding  the   proteids 
as  weak  acids  and  bases.   They,  themselves,  have  practically 
no  ionizing  tendency,  but  the  salts  which  they  form  witn  strong 
acids  and  bases  have  a  strong  ionizing  power. 


37. 

It  is  tnus  v&ry    probable  taat    gelatin  or  some  prcduct  forraed 
by  hydrolysis  would  act  in  this  .''ay,  and  ivnat  is  supposed  to 
be  a  solution  of  an  acid  or  base  in  gelatin,  would  contain 
no  free  acid  or  base   until  an  excess  was  added.   This  would 
explain  the  above  difference  :n  the  transport  numbers  in  liquid 
and  solid  f^elatin. 

Very  little  v/ork  has  been  done  in  any  otiier  solvent  tnan 
v'/ater.   A  few  determinations  v/ere  made  ten  or  twelve  years  a"0 
by  Lenz  and  seme  by  "'ather  in  his  dissertation  at  this  Uni- 
versity, but  still  the  field  is  practically  uncorked. 
(1) 
Carrara    undertook  an  investigation  in  this  fie.ld  quite 

recently  and  nas  determined  tne  transport  numbers  in  metnyi 
alcohol  solutions  for  different  dilutions  of  tne  fol. lowing 
salts;  silver,  copper,  cadmium,  lithium  nitrates,  silver, 
copper,  cadr^ium  and  lithium  chlorates,  copper  and  cadraiura 
chlorides,  cad^iium,  lithium.,  tetra,  ethyl  ammonium.  rxn6    tri- 
methyl  ammonium  iodides,  copper  sulphate,  cadmium  and  copper 
acetates . 

He  used  Ir'.ree  different  forms  of  measuring  apparatus. 
One  :/as  an  apparatus  witn  a  ''enbrane  si-^ilar  to  one  of  the 
forms  used  by  Hittorf.   Anotner  was  that  used  by    Loeb  and  Mernst 
while  the  third  he  describes  as  u  new  form  of  paparatus.   This 


(1).   Gazz.  Chim.  Itl.  cdll  ,    241,(lj0b.  } 


tnird  form  is  in  fact  a  slight  t.oc  if  d  cation  of  tliat  used  by 
Mather  in  this  "niversity,  but  he  rioes  not  even  mention  the 
■.vork  carried  out  by  ''atner,  nor  does  ho  even  give  him  any 
credit  for  devising  this  form  of  apparatus. 

In  his  investigation  he  cones  to  some  general  conclu- 
sions wnica  have  L-een  brought  out  before  by  a  number  of  inves- 
tigators, for  instance,  he  st-:..tes  tnat  tne  transport  numbers 
vary  considerably  v/itn  the  concentration,  tne   values  some- 
times indicating  tne  existence  of  complex  ions  in  solution, 
especjally  with  such  salta  as  cad"'ium  iodide.    He,  however, 
brings  out  an  interesting  point  in  tne  investigation  of 
Ijtnium  chloride.   In  this  case  his  results  indicate  tne  ex- 
istence of  complex  ions  even  in  a  binary  electrolyte.   This 
he  assumes  can  only  be  explained  by  considering  litnium 
chloride  in  solution  to  have  the  formula  L  i.cf,  and  that  vrnen 
this  dissociates  it  may  dissociate  into  the  ions  LiC^*  and  Li. 
The  power  of  forming  these  complex  ions  .vat;  found  to  vary 
considerai)ly  for  different  salts. 

On  corapurinf:  the  transport  numbers  found  by  him  for  the  same 
salt  in  aqueous  and  methyl  alcohol  solutions,  it  is  seen  that 
th'3  difference  betv/een  them,  is  in  general  very  small,  and  of 
the  same  order  of  m.a^:nitude  as  the  differences  obtained  by  a 
change  of  concentration.   In  general  tne  transport  numbers 


for  the  anion  in  methyl  alconol  are  higher  than  in  v;ater  solu- 
tion; only  tnree  exceptions  aavinj;  been  found.   These  were 
the  fol]ov/-ing  salts;  lithium  chlorate,  cad'iium  chloride  and 
cadn:ium  iodide. 

From  these  considerations  he  draws  the  c one lusione  tnat  the 
transport  numbers  of  tr.e  ions  of  an  electrolyte  tend  tovAard 
the  sarne  value  independent  of  the  solvent  in  whic-i  it  is  dis- 
solved.  In  ether  v/ords,  if  the  dilution  is  sufficiently  -reat 
■xnd    no  seccrdary  reactions  take  place,  the  transport  nurbers 
of  an  electrolyte  are  the  sar^^e  in  all  solvents. 

The  transport  numbers  found  for  solutions  of  salts  in 

metnyl  alcohol  are  ttie  same  z.s    in  aqueous  solutions  at  greater 

concentrations. 

The  most  recent  investigations   upon  t:iis  subject  were 
(1)         (2) 
made  by  iuybrechts  and  Wolff  .    Nothing  new,  ho■.^^ever  ,  is 

brought  out  by  their  work  on  this  subject.   They  used  an 

apparatus  wiidch  was  a  very  slight  modification  of  that  used 

by  Jahn  and  his  pupils.     Huybrechts'  investigation  v/as  to 

d  e  t  e  r  "n  i  n  e  the  t  r  a  n  ii  p  o  r  t  numbers  for  sulphuric  acid  and  m.  a  "^  - 

nesium.  sulphate  in  very  dilute  solutions. 

Wolff's  inv  est  i  ?:ati  on  had  to  do  v/ith  barium  c.iloride  and 

hydrochloric  acid. 


(1).   Dissertation,  Univers-^ty  of  Berlin.   (1902). 
(,).        ..  ..        ..    ..       (1903). 
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As  has  beer,  already  st'^.ted,  nn  -nost  of  the  investigations, 
hov/ever,  aqueous  solutions  have  beer,  dealt  with  and  compar- 
atively little  v/ork  has  beer  done  in  solvents  otner  taan  water, 

Ti-ie  only  work  that  was  done  in  any  solvent  other  t  nan  7/ater 
v/as  that  of  Lenz  ,  "ather,  and  the  recent  <york  of  Carrara. 


EXPERir.CENTAL  WORK . 

This  investiration  was  undertaken  for  t ne  purpose  of 

determining  what  effect  mixtures  of  "letr.yl  alcohol  and  v.'ater 

would  have  on  the  relative  velocities  of  the  ions  of  such  a 

salt  as  silver  nitrate. 

(1) 
The  work  of  Jones  3.nd    Lindsay    on  the  conductivity  of 

certain  salts  in  .'mter,  "'.et.iyl,  etnyl  and  propyl  alcohols 

and  mixtures  of  these  solvents  suec'ested  this  v/ork. 
(1) 
In  his  work  Lindsay    found  that  tne  conductivity  of  such 

salts  as  potassium  iodide,  amnoniuri  bronide,  strontium  iodide, 

etc.  v/ere  less  in  fixtures  cf  tne  solvents  than  in  either  of  the 

solvents  alone.  Especially''  was  tnis  the  case  in  fixtures  of 

::netn5tl  alcohol  and  Jater. 

Cons  ;■  d  er  J  ri-  these  facts  the  first  t::ir.r  to  c'eterTnine  was 


(1).  Amer.  Ghem.  Journ.  28,  o29 ,  (1302) 
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v/hether  silver  nitrate  would  r.ive  similar  conductivity  results, 
and  if  so  whetr.er  there  v/as  any  relation  between  this  phenome- 
non and  the  relative  velocities. 

The  conductivities  of  silver  nitrate  in  these  solvents 
and  varying  mixtures  of  thea  -.vere  deter  iined. 

The  v/ater  ,  aethyl  and  et'iyl  ilcohol  v/ere  purified  h-'  the 
"^.eti-iods  given  by  Lindsay. 

In  eaci  case  a  rao thersolu t ion  -yas  i-ade  in  the  particular 
solvent,  and  the  remaining   solutions  were  obtained  by  suc- 
cessive dilutions  v/  i  t  h  s  o  :^  e  of  t  n  e  solvent  of  t  n  e  s  a  'a  e  com- 
position.  In  this  an  error  v/as  avoided  v;nich  would  result 
from  the  contraction,  'uhen    alcohol  and  water  were  mixed,  and 
also  prevent  t ne  accompanying  heat  effect. 

In  some  cases  as  in  very    dilute  solutions  v/here  such   small 
quantities  of  tne  mother  solution  were  required,  a  second 
Tiother  solution  was  'Tiade  from  the  first,  and  the  -nore  dilute 
solutions  raude  from  it  in  the  way  described.   The  strength 
of  tnese  mother  sarlutions  was  determined  by  titrating  v/ith  a 
standard  solution  of  amnoniurn  sulphocyanat  e . 
Conduct i  v i t y  Apparatus  Employed . 
Th   apparatus  described  and  used  was  similar  to  that 
used  by  Lindsay.   They  differed  from  the  ordinary  Arrhenius 
cell,  bein^:  provided  with  a  ground  glasn  top  to  prevent  evap- 
oration  of  the  more  volatile  solve>its,  and  also  protect 


the  anhydrous  alcoholic  solutions  from  the  raoistare  of  tne 
bat  IS  and  air.   The  glass  tubes  carrying  the  electrodes  v/ere 
shoved  t:;rough  thin  rubber  tubes  in  the  cap.   Sealing  wax 
v/as  then  run  over  trie  outside  of  tne  joint. 

The  2aro  bath  v/as  prepared  as  follows.  A  large  glass 
battery-jar  was  filled  v/it  •  finely  crushed  ice  and  distilled 
./ater.   This  '.Tas  t.ien  placed  in  a  water  bath  and  the  space 

betv/een  the'n  filled  v/ith  finely  crushed  ice  and  v/ater.   This 

o 

proved  ver-^  efficient  as  it  v/as  possible  to  keep  wit.iin  0,05 

of  zero  for  hours.  The  bat.:  at  25  ./as  of  t.ae  ordinary  form 
ar.d  .-/as  kept  in  constant  I'notion  by  a  stirrer  driven  by  means 
of  a  hot  air  engine. 

The  t -.er-jioaeters  used  could  be  accurately  read  to  0.02  of  a 
('  e  <■.  r  8  e  . 

The  burettes  and  flasks  v/ere  a -.so  care  f  all  v  calibra'.  sd. 


C 0 n d  u c  t  -i  vi_t3''_*Je  as_u r e m e n t  s  . 

All    tne    CO  nduct  J  vit -'     -e  asureaen  ts    were    made    at    t  .ae    tv/o 

o  o 

ternperat  ires    0    and    25     .       In    the    follov/ing    tables 

v    =    number    of    litres    of    solution    containin,"    a    gram   molecular 
■//eight    of    tne    salt. 
^yO    =    molecular    co  ndv!  ct  iv3  ty    at    0** 


K'' 


25 


Table  X 
V 
10 
20 
40 
80 

leo 

3^0 

640 

1280 


'olecular  conducti vi tv  of  Silver  Nitrate,  in  water. 


35.72 
5^  .63 
63  .10 
C3  .16 
65.38 
C9  .91 
71.05 
70.59 


9  9  . 1 6 
105.72 
110.22 
115.81 
119.3  6 
125.08 
125.86 
12  5.3  5 


Table  2. 

V 

9  .71 

19  .•1:3 

38.86 

77  .73 

155.47 

310.95 

6  21.39 


"olecular  Conductivity  Of  Silver  Nitrate  in  Ethyl 
Alcohol. 


7.11 

8.90 

11.35 

13  .10 

15.13 
17  .04 
19  .43 


14.2  6 
16.96 
20.11 
23.87 
2  6.46 
30.62 


Table    ij  .'roiecular    Conductivity    of  Silver    Nitrate    in    "ethyl   Alco; 


V. 

10 
20 

to 

30 
160 
3.^0 
640 


A 

0 
1/ 

2  5 

.96 

32 

.63 

39 

.71 

•t5 

.28 

51 

.09 

5G 

.71 

61 

.4  2 

35.77 
44.  C  7 
53.42 
62.95 
70.36 
80.17 
8  8.22 


Table  4.  ''olecular  Cond  uc  t  iv  .i  ty  of  Silver  ::itrate  in  Etnyl 
Alcohol  25^,  and  v/ater. 

25.9  5  5. '.70 


38.86 

77.73 

15  5.47 

3  10.9  5 

0  21.39 


2  6.65 
2G.45 
28.72 

2  8.34 


62.7  5 
63  .8  2 
64.87 
63.28 


Table  5.   "olecular  Conductivity  of  Silver  Nitrate  in  El(ih3'-1 
Alcohol  50»  and  water. 


19.43 
38,86 

77.73 

15  5.47 

310.95 

C21.39 

1243.78 


15.25 
15.81 
17.0i 
17.92 
13  .10 
19.90 
20.79 


37.87 
39.50 

42.    1:2 

4  5.15 
47.13 
49  .39 

5  2  . 8  0 


Table    6.      ''oleduliir    Conductivity    of    Silver    "litrate    in    Ethyl 
Alcohol    75;^    and    vater. 

27.01 


19  .43 

3  8.86 

77.73 

155.  t7 

310.95 

621.89 


f." 

13 

.12 

14 

.30 

16 

.79 

IJ 

..^8 

18 

.00 

19 

.41 

30.43 
33  .65 
35.94 
39.01 
40.14 


Table  7.   "olecular  Cond  ucti  vi  tj'  of  Silver  Nitrate  in  '"ethy: 
Alcohcl  25^  and  v/at;;r. 

•iO  35.63  72.68 

80  36.95  75.56 

160  39.03  79.34 

3  20  41.03  82.93 

640  11.23  83.91 


Table    8»       -Molecular    conductivity    of    Silver    "litrata    in 
^Tetiiyl    Alcohol    5  0''    and    //atsr. 


20 
40 

80 
160 
3  20 
640 


27.27 
28.63 
29  .93 

31.47 
3  2.29 
3  1 .  G  7 


A" 

53 

.33 

56 

.80 

59, 

.75 

63. 

.22 

65. 

.85 

68. 

.67 

47. 


Table    9  «    'Tolecular    Conductivity    of    Silver      Nitrate    in    "'et'0''l 
Alcohol    75^    and    water. 


V 

>*l 

,^ 

>. 

25" 

20 

27, 

.98 

18 

.20 

tn 

30, 

.03 

52 

.33 

80 

32, 

.81 

57 

.17 

IGO 

35, 

.22 

61 

.31 

320 

35, 

.71 

63 

.23 

640 

tn. 

.27 

69 

.42 

able 

_10. 

Temperature 

Coef  f  ic; 

Le 

nts 

of 

Condac 

t  i  V  i  t  y 

of 

Sil 

ver  : 

■:atrate 

i  n  ,' 

Ifater 

( 

o" 

-  25"). 

V 

T 

empera-i 

;  ire 

Coef  f 

icient . 

10 

1 

.75 

2o 

1 

.38 

4  0 

1, 

.88 

80 

2 

.10 

160 

2. 

.14 

3  20 

2, 

.21 

640 

2  , 

.20 

123  0 

2, 

.10 

Table  11.'   Tenperatare  Cog  f  f  i  c  i  eat  of  Conductivity  of  Silver 
Nitrate  in  Et.i3;-1  Alcohol.  (O  -  25  ). 
V  T  e:nporat  a  ■'-e  Coefficient. 

19.43  O.^l-t 

38.86  0.224 

7  7.73  0.2B0 

155.1:7  0.350 

310.95  0.377 

621.89  0,488 

Table  12.  Temperature  Coefficient  of  Conductivity  of  Silver  Ni' 
trata  in  Met  lyl  Alcohol  (  0  >=  25  j. 


10 

20 

40 

80 

160 

3  20 

640 


era  tare  Coyfficient. 
0.392 
0.482 
0.548 
0.707 
0.771 
0.933 
1.7  02 


i) 


Table  13  .  Temperature  Coefficients  o  i'  Conductivity  of 
Silver  Nitrate  in  T'ixtures  of  Etnyl  Alcohol  and  Water  of 
various  compositions. 

Temperature  Coefficients. 


V 

25^alc 

;ohol 

50l^alcoi 

^.ol 

7  5  i    a  3-  c  0  a  0 1 

19.  -3 

0.905 

0.556 

38.86 

1.35 

0.962 

0.64  5 

77.73 

1.44 

1.015 

0.67  . 

155.47 

1.49 

1.089 

0.658 

310.95 

1.45 

1.121 

0.8  40 

621.89 

1.58 

1.180 

0.8  29 

1243.78 

1.280 

Table    14. 

Temper-ji 

ture 

Coe 

f  f  i  c  i  e  n  t  s 

of 

Conductivity    of 

ver  Mitrate  in  nixtures  of  ''et  lyl  Alcohol  and  Water  of  va* 
rious  compositions. 

Temperature  C  o  e  f  f  i  c  i  c  n  t  b . 

V          25^alcohol  50;^  alcohol     75^  alcohol 

20  1.04  0.810 

40         1,48  1.13  0.8-32 

8  0         1.5  4  1.19  0.9  74 

160          1.61  1.27  1.024 

320         1.68  1.34  1.100 

640          1.71  1.^6  1.166 
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In  order  to  see  tne  connection  exisitng  between  the  conduc- 
tivities in  each  solvent  the  f  o  1 1  o  *.' .'  n  f,  tables  are  given  for 
comparison. 
T  a  bl  e  15  .    Conparison  of  the  ''olecular  Conductivities  of 

Silver  Nitrate  in  Et.iyl  Alcohol  and  '".r' xt  .ire  s  of  it  with  ''.'ater 

o 

at  23  C. 

V.         ZSf    alcohol   50^  alcohol   75^  alcohol   lOO'^^alcohol 

19.43  37.87 

3<3.86  59.70  39.50 

77.73       62.75  iZ.^Z 

155.47       63.32  45.15 

3  10.9  5      64.87  47.13 

621.39       68.28  49.39 

It  is  seen  from  these  values  t:.at  t  .le  ciolecular  conduc^- 
tivity  in  etnyl  alcohol  and  mixtures  with  v/ater   does  not 
saow  a  minimum  ■  in  tne  ordinary  range  of  dilution,  but  still 
does  not  obey  the  lav/  of  -n:'xtures.   This  is  in  accordance 

;v?'t;i  Lindsay's  work  on  potassium  iodide.   In  tr.at  case  he 

o 

did  not  find  a  truce  of  a  niniraum  at  Zj    . 

Taese  values  in    talile  15  are  plotted  as  curves  in  Fig.  I, 
the  abscissae  representing  tne  different  percents  of  alcohol 
and  the  ordina'.es  tiie  molecular  conductivities. 


27.01 

14.2'. 

30. i3 

16.9  6 

33.65 

20.11 

35.94 

23  .S7 

39.01 

2  6.  U 

40.14 

30.62 

yiut-  A<o.i 


.   1    , 


1  r,  ^=  GZi.a"/ 
./.^.-  77.7  i 
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Table  16._   Comparison  of  the  ^''olecular  Cond  u  ct  i  vit  i  s  s  of 

Silver  Nitrate  in  Ethyl  Alcohol  and  mixtures  of  it  v/ith  Water 

o 

at  0  C. 

V.  25^  alcohol    50;^  alcohol  75;^  alcohol   100;^  alcohol 

9  .71 
19.. 3  15.25 

38.86       25.95  15.31 

77.73       26.55  17.04- 

155.47      26.45  17.92 

310.95      28.72  19.10 

621.89      28.84  19.30 

1243.78  20.79 

These  values  are  plotted  in  Fig.  II.   Ti;e  curves  are  of 

the  sane  general  form  as  in  Fig.  I,   No  disticct  rainiraum  is 
shown,  but  the  form  of  tho  curve  indicates  that  a  minimum 

value  is  approac;ied. 
Table  17.  .  Comparison  of  tne  ?:olecular  Conduct  i  vit  J  es  of 

Silver  Nitrate  in  later,  "et-:iyl  Alcohol  and  'r.ixtures  of  these 

o 

solvents  at  25  C. 


7.11 

13.12 

8.90 

14.3  0 

11.35 

1C.79 

13  .10 

19  .48 

15.13 

18.00 

17.04 

19  .41 

19  .43 

v . 

water 

25^    alcohol 

,    50^:    ale 

.    75^    ale. 

100^    al 

10 

99.46 

35.77 

20 

105.72 

53.33 

48.2  0 

44  .67 

4  0 

110.2  2 

72.6;] 

56.80 

52.33 

53  .42 

8  0 

115.81 

75.56 

59  .75 

57.17 

62.9  5 

160 

119  .86 

79.3  4 

63.22 

61.31 

70.36 

320 

125.08 

3  2.93 

65.85 

63.23 

8  0.17 

640 

12  5.':  6 

83.91 

68.67 

69.4  2 

88  .Z.i 

1280 

125.35 

^o.  m 


|!r-|---|    ,.+-■, I   --!    .■   ,1 


30 


W^ 
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These  values  are  plotted  in  Fig.  III.   In  nearly  every 
case  t  ae  niniraun  as  snown  by  the  curve  lies  between   riixturcB 
of  the  solvents  containing  respectively  50/'  and  75^  of  alco- 
h  0  1  . 
Table  18.    Comparison  of  t-ie  ''^clacular  Conductivities  of 

Silver  Nitrate  in  '.'/ater,  Metnyl  Alcohol  and  mixtures  of 

a 

these  solvents  at  0  C. 


2  5^    alcoiiol       50^^    ale.    7  3^    ale.       100'^    alcohol 

25.96 


v  v/ater 

10  53.72 

20  58.63 

-to  C3.10 

80  63.16 

160  65.38 

320  69.91 

640  71.05 

1280  70.59 

These    results    are    plotted    : n    Fig.     IV.       The    curves    are 
of    the    sane    general    form,    as    the    curves    'n    Fig.    III.       Tiiey 
differ,    ho. -/ever,    in    a    few    points.       The    chief    difference    is 
that    the    minimum    point    has    shifted    to    the    left    corresponding 
no/;    to    an    alcohol-v/at  er    mixture    not    far    frora   50^. 
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From  the  above  results  it  is  clear  tinat  Silver  liitrate  is 
not  an  excent:.  on  to  the  general  relation  found  by  Lindsay. 

It  was  now  interesting  to  see  'What  effect  alcohol  v/culc'  ha' 
upon  th3  relative  velccities  of  tic  ions,  especially  in  tlie 
mixtures  of  nethiyl  alconol  and  "/atsr.   This  case  see-ied  to 
offer  a  good  field  for  investigation.   Therefore,  f-iis  par- 
ticular part  of  tne  problem  was  taken  up  for  investigation, 
although  a  few  determinations  of  relative  velocities  were 
made  i  r.  etnyl  alcohol. 


Relative  Velccities  of  Ions. 


In  the  last  few  years  a  lar.'^-e  nu  :ber  of  inves  ta^at  ions 
have  appeared  on  the  relative  velocities  of  ions.   ''ost  of 
them,  however,  have  had  to  deal  with  aqueous  solutions  of  a 
large  nuraber  of  substances.   Few,  however,  have  deterniined 
the  relative  velocities  in  raet.'iyl  and  etnyl  alcohol,  and  nothing 
a as  been  done  upon  mixtures   of  these  solvents. 
In  most  of  the  later  investigations  nev/  fornjs  of  apparatus 
have  been  devised,  many  of  them    being  very  complicated. 
The  question  arises  whether  such  a  high  degree  of  complexity 
is  necessary  for  effecting  the  electrolysis  and  separation  of 
the  solutions.   In  Tvi^^ny  of  the  new  forms  no  special  means  v/ere 
provided  for  the  final  separation  of  the  solutions,  some  de- 
pending sinply  upon   the  difference  in  specific  gravities  of 


the  solutions  resulting  from  tiie  electrolysis.  Discrepan- 
cies in  the  results  are,  therefore,  probably  duo  in  part  to 
the  incocipiete  separation  of  the  two  portions  of  tne  solu- 
tion. But  one  form  has  been  devised  which  prevents  diffusion. 
This  apparatus  v/as  devised  by  Jones  and  ''athor  in  this  Uni- 
versity and  has  been  fully  described  above. 

From  an  examination  of  the  different  forms  of  apparatus 
that  used  by  "!ather  seemed  best  adapted  for  this  investiga- 
tion, but  some  very  serious  difficulties  pointed  out  in  part 
by  Mather  in  his  paper  fiad  to  be  overcome.  These  difficul- 
ties, however,  were  avoided  by  devising  the  apparatus  shown 
in  Plate  I. 

The  two  limbs  are  20  cm.  long  and  2  en.  in  diaieter, 
v/ith  the  electrodes  inserted  from  the  top  through  ground 
glass  stoppers.     Just  below  the  stoppers  two  small  tubes 
are  attached,  which  extend  outward  and  upv/ard  ,  the  vertical 
partbeing  graduated  in  millimeters.   The  lower  part  of  this 
small  tube  is  5  millimeters  in  diameter,  and  the  vertical 
part  is  about  3  millimeters. 

Tne  limbs  are  connected,  3  cm.  belov/  tne  stoppe'^s,  by  a 
U-tube  1  1/2  en.  in  diameter,  in  the  same  plane  with  tne  limbs. 
The  bottom  of  tne  U-tube  is  5  cm.  above  tiie  lower  ends  of  the 
limbs.   At  the  center  of  tne  U-tube  is  a  stop  cock  of  8  mm. 


bore  • 

The  electrodes  were  made  of  pure,  round  silver  plates,  into 
•tfnich  a  platinum  wire  wfas  riveted  in  order  to  seal  tnem  into 
?;1£lS8  tubes  running  through  the  ground-glass  stoppers.   The 
snail  amount  of  platinum  exposed  in  the  bottom  of  the  silver 
plate  .?as  covered  hy    a  thin  coating  of  fusion  glass. 

The  glass  tubes  were  then  firmly  secured  in  the  ground- 
glass  stoppers  bjr  means  of  a  piece  of  black  rubber  tubing 
whicn  v;asplaced  on  the  tube  and  through  v/hich  the  tube  was 
forced.    The  electrical  connection  was  then  made  bj^  filling  the 
tubes  v/ith  mercury,  which  made  connection  with  the  silver  plate 
by  means  of  the  platinum  wire  riveted  into  the  plate,  as  was 
stated  above. 

This  form  of  apparatus  could  easily  be  placed  in  a  thermo- 
stat on  hooks  arranged  for  thatpurpose  whica  supported  the 
apparatus  under  the  U-tube. 

In  order  to  keep  a  constant  temperature  the  thermostat 

bath  represented  in  Plate  II  was  constructed.   This  proved  tc 

o 

be  very  efficient  remaining  constant  to  within  0.1  ,  and  at 

the  same  time  affording  plenty  of  room  for  three  pieces  of 
apparatus  and  voltameters.    It  consists  of  a  wooden  box 
2  ft.  long,  14-  inches  wide  and  10  inciies  deep,  lined  inside 
with   leavy  galvanized  iron.   Tlie  iron  lining  extends  to  within 
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0  n  e - h  a 1 f  an  inch  of  t  n  e  top  of  the  wooden    box. 

One  and  one-half  inches  frcrn  the  top  of  the  box  a  heavy 
jnovable  shelf  was  arranged  in  which  the  three  voltameters 
could   e  placed  and  kept  at  a  constant  tenperature.   In  the 
bottoi^T  of  ti:e  wooden  box  a  hole  14  inches  square  was  lined 
only  i'/ith  metal  so  tnat  a  snalJ  flame  could  be  applied. 
Hooks  v/ere  t'len  arranged  on  the  side  of  the  bath  opposite 
the  shelf  for  tne  vol  ta'aet  ers  ,  and  for  the  apparatus  rep- 
resented in  Plate  I,  wide::  v/-as  suspended  from  them.   The  bath 
v/as  then  filled  v/dth  water  to  the  level  of  the  shelf,  and  kept 
at  constant  temperature  hv    means  of  an  Ostv/ald  thermo-regu- 
later. 

In  order  to  secure  a  uniform  tenperature  the  .vater  in 
the  bath  was  kept  in  constant  motion  bjf  a  stirrer,  '^hich  was 
driven  hy    a  snail  hot-air  engine. 

For  deter '^riinations  at  0  C  the  bath  was  filled  v/ith  finely 
broken  ice,  and  the  apparatus  placed  in  the  bath  in  the  same 

0 

manner  as  in  the  25  batn.   The  wooden  casing  of  the  bath,  in 
determinations  at  tiiis  tenperature,  serves  as  a  poor  conductc. 
of  heat. 

All  of  the  electrical  connections  attached  to  t.-.e  bath 
were  placed  upon  a  block  of  hard  rubber  to  prevent  any  leak  of 


c  u  r  r  e  n  1 
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Special  precautions  v/ere  also  taken  in  0.12    the  wiring  about 
rhe  bath.   Flexible  insulated  wire  v/as  used  in  t '\e    wiring,  and 
v^nerever  two  wires  crossed  additional  precaution  was  taken 
to  run  then  through  rubber  tubing.   Tne  box  was  also  heavily 
shellaced  as  an  additional  precaution. 

Two  currents  of  different  strengths  .vere  used.   One  cur- 
rent of  6  0  volts  y.'as  supplied  by  a  storage  battery.   The 
other  current  of  110  volts  was  supplied  directly  from  the 
power  house.   In  every  case  tne  current  was  measured  by  mean;. 
of  a  voltameter,  consisting  of  platinum  crucibles  and  pure 
silver  a*-iodes.   Tr.e  platinum  crucibles  were  placed  in  v/elgh- 
ing  flasks  to  insulate  tiiem  entirely  frorr.  eaCn  other,  and, 
at  the  sa::^ie  time,  to  eerve  as  a  convenient  means  of  placing 
them  upon  their  supports  in  the  crn s tant-tempe rat ur e  bath. 

Connections  wi-cn  tne  circuit  were  made  by  placing  the  plat- 
inum crucible  upon  a  copper  plate,  to  v/hich  a  wire  had  been 
soldered. 

The  anode  of  pure  silver  v/as  suspended  in  tne  platinum 
criicible,  by  running  it  tr.rough  v.    rubber  stopper,  v/i.ich.fit 
the  weighing  glass  and  also  served  as  a  cover  to  it.   The 
silver  anode     v/as  also  inserted  into  a  clean  linen  bag  to 
prevent  any  small  particles,  whicn  become  detached  from  the 
anode,  from  falling  into  the  crucible  and  therefore  being 
v/eighed  with  the  silver  deposited  by  tne  current. 
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The  platinum  crucibles  v;ere  treated  vfiih    fused  acid  potas- 
sium sulphate,  then  boiled  with  nitric  acid,  heated  in  the 
flame  of  the  blast  lamp,  cooled  in  a  desiccator  and  \78ighed 
before  each  experiment.   The  deposit  formed  by  the  current 

.'/as  treated  in  accordance  v/ith  the  directions  reco!nrr»ended  bv 

(1) 
Richards     in  his  inv  est  i?,ation  upon  the  determination  of 

the  cnenical  equivalent  of  copper  and  silver. 

Preparat  i  on  of  .Soj^  u  t  i  o  ns^ . 
The  analysis  in  every  case  was  made  b3''  titration  with 
ammonium  sulphocyanat e , f erri c  ammonium  sulphate  being  used 
as  the  indicator.   Special  care  vras  taken  in  the  preparat 'on  of 
the  solutions,  and  their  strength  was  determined  by   titration 
with  standard  solutions  of  potassiun  chloride. 

In  tne  preparation  of  the  solutions  cf  potassium  chloride 
the  pure  salt  v/hich  nad  been  purified  especiallj''  for  conduc- 
tivity work,  v/as  used.   Email  amounts  of  this  salt  were  weighed 
and  dissolved  in  water.   It  was  t:-.en  titrated  against  the 
silver  nitrate. 

The  silver  nitrate  used  was  Kahlbaum' s  best  material 
which  v/as  free  from,  any  detectable  impurities. 


(1).  Ztschr.  phyr.  Chom.  41,  15  02,  (1902). 
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The  v/ater  used  in  the  preparation  of  the  solutiouB  was  ob- 
tained by  redistillation  of  ordinary  distilled  vratsr  essen- 

(i; 

tiall^;-  by  the  method  described  by  Jones  and  'Tackay    .   The 
ordinary  distilled  water,  to  wnich  a  solution  of  chronic  acid 
had  been  added,  was  boiled  and  the  steam  passed  through  a 
boiling  solutdon  of  bariua   ;.ydroxide. 

The  absolute  alcohol  was  i!re':)ared  by  distilJation  from 
quick  lime,  furt.ier  dehydrated  v/ith  anhydrous  copper  sulphate, 
and  finally  distilled  from  a  sr.all  a^'iount  of  sodium  just 
before  using.        In  t '-le  preparation  of  the  solutions  in 
absolute  alcchol  tne  fol3ov/ing  method  was  adopted.   The  silver 
nitrate  v;as  placed  in  a  dry  laeasurinp,  flask.   The  latter  v/as 
filled  with  alcohol  by  means  of  a  siphon  from  thy  bottle  con- 
taining the  alcohol  which  had  been  distilled  fron  sodium.   The 
alcohol  was  thus  not  allowed  tc  co':e  in  contact  with  moisture. 
The  bottle  was  closed  by  a  two-hcle  rubber  stopper.   Through 
one  hole  the  siphon  passed  ar. d  through  the  ether  the  drying 
tube  wriich  permitted  t!ie  air  to  enter  the  flask.    The  siphon 
led  tc  a  Gooch  funnel  which  was  also  closed  v/ith  a  two-hole 
rubber  stopper.   The  siphon  pasf.ed  through  one  hole  and 
another  drying  tube  through  the  otner  hole.   This  funnel  was 
then  connected  with  the  -easuring  flask  and  alcohol  siphoned 

The  resulting  solution  of  silver  nitrate  was  then 
removed  tc  a  dry  bottle  v/hich  v/as  c]osed  -with  a  rubber  stopper, 
'  AnVr".~' C  h"em~.~oTrV.~  lT,'7a"X  18  9~0~^ 
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connection  with  t  b.e  interior  beinp;  '^ade  by  a  glass  tube,  and 
drying  tubs. 

When  it  was  desired  tc  draw  off  part  of  the  solution 
either  for  analysis  or  to  fill  the  apparatus,  the  point  of 
a  burette  was  connected  with,  the  glass  tube  in  the  bottle, 
by  means  of  a  rubier  tube,  and  then  the  solution  v/as  drawn 
up  into  the  burette  by  aspiration  through  a  drying  tube  v/hich 
closed  its  upper  end.   The  burette  v/as  then  connected  v/ith  one 
of  the  sriall  graduated  tubes  on  the  apparatus  the  other  one 
being  clcsed  by  a  Bunsen  va.lve.   Tne  two  snail  tubes  v/ere 
then  connected  and  tne  apparatus  tilted  first  one  way  and  the 
the  otner  in  crcer  to  rencve  t.se  last  trace  of  air  fron  be- 
neath the  stoppers.     Each  tube  v/as  then  closed  with  a 
Bunsen  valve,  and  the  apparatus  placed  in  the  constant  teraper- 
ature  bath.   The  connections  with  the  circuit  and  voltameter 
being  made  the  electrolysis  was  begun. 
Calibration.  _o_f  Ap_paratu_s  . 

The  first  calibration  of  t;ie  apparatus  was  by  weighing 
first  the  empty  apparatus,  then,  with  one  side  full  of  water, 
and  then  with  both  cides  full.   In  this  //ay  the  exact  con- 
tents of  the  apparat'<s  cculd  not  be  d  e  t  er:':ined  but  the  ratio 
between  the  two  sides  could  be  obtained. 

The  second  and  subsequent  calibrations  were  made  by 
measuring  the  contents  of  eacr.  side  with  a  burette,  which 


61 


had  previc usly  been  calibrated  by  means  of  the  apparatus 

(1) 
des-igned  by  Morse  and  Blalock 


Calibration  Mo.  I.  December  7,  1503. 
Apparatus  No.  I. 

'.'/eight  of  empty  apparatus  287.9  5 
"     "  apparatus  v/ith  left  side  full  of  '.vater     256.325 

"      "      full  of  water  123.675 

Therefore  left  side  contains  50.377^ 

right   "      "  49.623^ 

Apparatus  No.  II. 

vVeight    of    enpty    apparatus  265.52 

"         "       apparatus    with    left    side  ful]    of    v/ater         330.91 

"         "                  "               full    of    v/ater  3  9G.50 

Right    3:"de    contains  49.9  2t> 

Left       •■              "     .  50.076^ 


Apparatus  No.  Ill 

''/eight  of  empty  apparatus. 


Right 
Left 


"       apparatus    with    left    sidi 
"  "  fullof    water 

-de    contains 


2G7.79 
■ull    of    v/ater         3  29.9  5 

19  .455;^ 
50.545^ 


(1).    Amer.    Chem.    Journ.    16,    479,    (1894). 
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Calibration  No.  II.  Jan-iary  11,  l-iOl 
Apparatus  No.  I. 
Contents  of  right  side 

"   left    " 
Right  Side  contains 
Left  Side 


67.71  cc 
68.73  cc 
49.616  f 
5  0.3  84^ 


Apparatus  No.  II. 
Contents  of  right  side 

"   left 
Right  Sido  contains 
Left 


65.39  cc 

6  5.21  " 
50.07^ 
49  .93^ 


Apparatus  No.  III. 
Contents  of  right  side 

"left 
Right  Side  contains 
Left    "      " 


62 . i4  cc 
63.74   " 
4  9.48  5;^ 
50.515^ 


Calibration  No.  III.  February  15,  190-. 

Apparatus  No.  I. 
Contents  of  right  side 

"     "   leftside 
Right  side  contains 
Left 


68.43  cc 
C8.61   " 
49  .934^ 
50.066J^ 


The  position  of  electrcdes  in  this  apparatus  7/ercs  changed 
just  before  tr.e  calibration. 


Apparatus  No.  II. 
Contents  of  right  sidi 
"       "   leftside 
Right  side  c  c  -i  t  a  i  n  s 
Le  f  t 


G  5  .  .)  2  0  c  . 
£5.42  c  c . 
5  0.114^ 
49  .88  6^ 


Apparatus  Mo.  III. 
Contents  of  right  side 

left 
Right  side  contains 
Left     "      " 


62.30  cc 
6  3.64  " 
49.468  i 
50.532^ 
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Calibration  No.  IV 

Apparatus  No.  I. 
Contents  of  right  eidi 
"      "   left  side 
Right  side  contains 
Left 


larch  21,  13  0-ir. 


l8.56  cc. 

6  3.66   " 
49  .963^ 
5  0.03  7r^ 


Apparatus  No.  II. 
Contents  of  right  side 
"       "   leftside 
Right  side  contains 
Left 


66.10  cc, 
65  .83 

49.447> 
50.533^ 


Apparatus    No.  III. 
Contents  of  right  side 
"     "    leftside 
Right  side  co retains 
Left     "      " 


6  2.45  c  c . 
63.85   " 

49.447^ 
50.553)^ 


Measurement  of  Relative  Velocitie! 


Knov/in,K  tiie  re-ation  bct'.veen  tne  tv^o  sides  of  tne  appa- 
ratus, the  experi?aerit  s  were  carried  out  as  follows.    The 
apparatus  v/as  filled  from  the  burette  as  described  above,  to 
the  zero  aark  on  eac  i  side.   The  open  ends  of  the  sr.iall  lev- 
eling lir.ba  were  tnen  closed  by  Bunsen  valves  and  t  jie  whole 
placed  in  tne  batn  by  supporting  it  on  hooks  arranp^ed  for 
that  purpose.   The  vater  in  tiie  bath  and  tne  solution  in  the 
apparatus  were  practically  tne  sans  height,  as  tne  apparatus 
was  im-'.ersed  until  tne  bottom  of  tne  ground-glass  stoppers 
were  on  a  level  wr.ti  tne  surface  of  the  vater. 

Connection  with  the  circuit  and  vclta"ieters  be  in?  -.ide  , 
the  electrolysis  was  allowed  to  proceed  until  enough  silver  was 
deposited  in  the  voltaneters  to  be  weighed  accurately,  the 
de  osit  usually  weighing  between  0.05  to  0.10  of  a  gran. 
1'\&    time  of  tne  electrolysis  depended  upon  the  resistance 
offered  by  the  solution. 

At  the  cl':se  of  the  electrolysis  the  apparatus  was  reaoved 
from  the  bath  and  the  level  of  the  solution  in  tne  apparatus 
brought  to  corresponding  -~raduations  on  each  leveling  tube. 
The   stopcock  was  tnen  closed.    The  contents  were  then  care- 
fully washed,  filtered  through  glass  wool  or  wasned  asbestos 
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to  remove  any  d :  sint i.t.;rat ed  silver,  made  up  to  a  known  vclume 
and  analj''Z3d.    The  accurac;.;  of  the  results  was  deter  iiined 
by  comparing  the  amount  of  silver  found  on  analysis  with  that 
calculated  from  the  a'  ount  of  solution  placed  in  the  appara- 
tus at  the  beginning  of  the  experiment. 

With  this  data  tho  relative  velocity  of  the  ions  could 
easily  be  calculated   as  follov/s. 

The  ariount  of  silver  found  in  tho  apparatus  as  a  whole 
was  multiplied  by  the  percent  contained  on  the  side  that  in- 
creased, thus  giving  the  a;"0unt  of  silver  contained  on  that 
side  at  the  beg;lnning  of  tiie  experiment. 

This  v/as  then  subtracted  from  tne  a^iount  found  on  that 
side  by  analysis,  which  gave  tne  amount  of  increase  due  to 
electrolysis.    This  increase  was  then  divided  by  the  weight 
of  the  silver  deposited  in  the  voltameter,  the  result  being  the 
relative  velocity  of  the  anion. 

The  strength  of  the  current  in  no  case  exceeded  0.005  am- 
peres. 


Silver  Nitrate  in  Water . 
In  these  d  et  er -^inat  ions  the  apparatus  was  filled  and  th( 
experiment  carried  out  as  described  above. 

After  tne  electrolysis  eaca  side  ./as  carefully  washout 
out,  filtered  through  glass  wool  and  diluted  to  200  cc. 


Aliquot  parts  of  this  v/ere  t;ien  taken  and  titrated  against  a 
standard  solution  of  anmonium  sulphocyanate . 

At  the  beginning  of  this  inve  sti,?,at  J  on  the  titrations  of 
several  of  the  d  e  t;erTnin:iti  ons  were   lade  with  N/iO  amnonium  sul- 
phocyanate, but  it  was  soon  found  tnat  tuis  was  toe  concen- 
trated to  rive  good  results,  as  tiie  burette  could  not  bo  read 
with  sufficient  -iccuracy  to  obviate  a  lar-e  experimental  error. 
Another  ver-  serious  difficulty  was  taat  ,  in  titrating  such  a 
stron-  solution  against  a  comparatively  weak  one  in  many 
instances,  the  smallest  fraction  of  a  drop  that  could  be  used 
would  go  considerably  beyond  the  neutral  point. 

To  prevent  tnese  experiment  ,i  1  errors  the  titrations  were 
made  with  a  n/25  ammonium  sulphocyanate  solution.   With  a 
solution  of  this  strength  the  point  of  change  could  easily 
be  distinguished,  and  the  erroe  in  reading  the  burette  would 
be  d  i  r^r:ins  i  hed  since  a  larger  volume  of  solution  would  be  used. 

The  results-  of  these  de ter ninat i ons  are  given  in  the  fol- 
lowing table. 

In  tiais  table  as  in  all  subsequent  tables  t.he  following 
symbols  will  be  used. 

t  -  te'nperature  of  the  bath  wnere  used. 

m  =  concentration  of  the    solution  in  gram -molecular  weights 
per  litre. 

c  =  change  in  concentration  expressed  in  numbar  of  cc  of 
11/10    silver  nitrate. 


68. 

V  =  amount  of  silver  in  grans,  deposited  in  tiae  voltameter, 
a  =  velocity  of  the  anion. 


Taula  19.    Relative  Velocities  of  tae  Anion  of  Silver  Nitrate 

0 

in  Water  at  25  . 


0.1 
0.1 
0.1 
0.1 
0.1 


c 

2  0.9  6  + 
2  0.0o4 
12.705 
12.4  52 
13 .008 


0.4:320 

0.412C 
0.2622 
0  .  2  o  3  5 
0.2587 


0.5238 
0.52oO 
0.5230 
0.3301 
0.5387 


Values  obtained  by  other  observers,  altnough  at  different 
temperatures,  are  given  in  the  following  table. 
Table  20.  Relative  Velocity  of  tns  Anion  of  Silver  'Iltrate 
determined  by  other  Observers  in  aqueous  solution  at  differ- 


ent tenperatures . 
t 

29^1 
4  5* 

4  7*7 
4  719 
4  7".  4 

19" 
19" 
2  0" 

2  6" 
26'* 
26° 


ra 

0.1 

0.025 

0.1 

0.1 

0.1 

0.118 

0.055 

0.024 

0.10i:3 

0.0521 
0.023  0 
0.0105 


0.5317 

0.5  24  6 

0.5280 

0.5272 

0.5286 

0.526 

0.526 

0.526 

0.328 

0.5  24 

0.522 

0.523 


'ather 


H  i  1 1 0  r  f 


lernst    &    Loeb 


'able  2i.  Relative  velocity  of  the  '\nion  of  Silver  Nitrate 


in  Aqueous  Solution  at  O.G, 


0.102 
0.102 
0.102 


6  . 3  a  7  0 
5.49i-0 
6.2-i:aO 


0.1214: 

0.12  29 
0.119  8 


a 
0.5633 
0  .  5  fc  2  2 
0.5629 


Table  22  .   Relative  Velbcitjr  of  the  Anion  of  Silver  ."'itrate 
as  determined  hv    otner  Observers  in  Aqueous  Solution  at  0  . 


0.1 

0.1 

0.1 

0.025 

0.025 


0.541i      'iiather 

0.5401 

0.541;i 

0.5o7  7 

0.5380   Nernst  &  Loeb. 


These  values  differ  considerably  from  tnose  obtanned  in 
this  investigation  at  the  same  temperature. 

In  the  de  t  er  ■^.inat  ion  of  the  first  three  by  ''ather,  he 
measured  the  current  with  an  d'Arsonval  .["lal  v«  nome  t  er  and  by 
this  means  only  deterninod  the  averaf,e  strength  of  the  cur- 
rent, this  probatily  introduced  a  considerai^le  experimeatal 
error. 

In  the  tv/o  last  d  e  t  erTiinat  1  on  s  in  table  22  the  current  in 
botn  cases  was  measured  by  a  silver  voltameter,  but  the  con- 
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centration    c  f    '':he    sclut:"on    v/as    less,    and,    as    is    v/eil    knov/n, 

a    decrease    in    concentration    d  i "'.  i  n  i  s  h  e  s    t  li  e    relative    "velocity    of 

the    sv/ifter    ion. 

Table    2:^  .    Relative    Velocity    of    the    Anion    of    Silver    Nitrate    in 

0 
Ethyl    Alcohol    at    2  5    C. 


0.1012 
0.0763 
0.07  63 
0.078-i 
0.09-t 
0.09  4 


2.893 
5.^84 
5.5  30 
5  .3  43 
3.625 
4.617 


V 

0.0510 
0.10>1 
0.1013 
0.09  4  2 
0.06  63 
0.0840 


0.612<J 
0. 5  9  03 
0.5945 
0.6131 
0.5903 
0.5932 


The  solutions  of  Silver  Nitrate  in  etnyl  alconol  offered 
great  resistance  tc  the  current  and  .-/nere  tne  large  changes 
in  concentration  v/ere  obtained  the  current  was  allov^ed  tc 
run  for  ten  or  twelve  hours. 

Table  24.   Relative  Velocity  of  tne  Anion  of  Silver  Nitrate 
in  "etnyl  Alcohol  at  25  . 


0.100 
0.100 
O.IOC 
0.09  8 
0.098 


c 

8.9  64 
8.971 
8.222 
5.891 
5.726 


V 

0.1655 
0.1684 
0.1517 
0.109  8 
0.1086 


a 
0.5849 
0.5  8  00 
0.5849 
0.5  78  9 
0.3  7  00 
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A    much    larger    ca-s.nge    in    concentration    .vas  o  d -.a  ■  nee    in 
tnese    d  et  ernii  nat  ion    than    :' n    those    in       ethyl    alcohol,    be- 
cause   tae    silver    nitrate    -.vas    considerably    r'oro    scluable    in 
methyl    than    in    etnyl    alcohol,    and    tuus    thtj    electrolysis    could 
proceed    furtner    v/itnout    danger    of    the    determination    being    lost 
on    account    of    the    catricde    and    anode    liquids    becoming    mixed. 
Table    25. Relative      Velocity    of    thg    Anion    of    Silver    Nitrate 
in    ^'ethvl    Alcohol    at    o''. 


0.097 
0.09  7 
0.09  6 
0.09  6 
0.09  6 


3  .-^570 
6  .8560 
3  .14-47 
2.<J730 
3  .096<: 


0.0639 
0.0722 
0.0572 
0.0122 
0.0572 


0.5823 
0.5898 
0  .  5  J  3  3 
O.SBbl 
0.58-i2 


Table  2  6.  Relative  Velocity  of  tne  Anion  of  Silver  Nitrate  in 

a  "ixture  of  25^  ''Methyl  Alcohol  and  Water  at  iS    . 
m  ■     c  V  a 

O.I  6.6280  0.1285  0.5567 

0.1  6.4530  0.1258  0.5536 

0.1  6.28  30  0.12  31  0.5  513 
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Relative  Velocity  of  the  Anion  of  Silver  Nitrate 

0 


Table    2  7 

in    a    Mixture    of    25^    Metn.yl    Alcohol    and    V/ater    at    0    . 

a 
0.5428 


0.103 
0.103 
0.104 
0  . 1 04 
0.104 
O.lOt 
0.104 
0.103 


3.7G2 
3  .68  2 
4 .  04  5 
4.089 
4.253 
4.274 
4.316 
3.197 


V. 

0.0748 
0.0741 
0.0d21 
0.08  2  2 
0.0851 
0.08  54 
0.08  51 
0.0654 


0.5368 
0.5317 
0.537b 
0.5396 
0.D402 
0.5  4  74 
0.3275 


Table  28_.   Relative  Velocity  of  the    Anion  of  Silver  Nitrate 
in  a  '■''dxture  of  50^  "'etnyl  Alcohol  and  '.Yater  at  25  . 


0.101- 
O.lOi 
0.104 


c 

6.176 
5.3  10 
6.14  7 


Y 

0.1104 
0.1128 
0.1114 


0.6037 
0.6037 
0.5955 


Table  29 .   Relative  Velcc:ty  of  the  Anion  of  Silver  Nitrate  in 

o 

a    Mixture    of    50^    "et-^yl    Alcohol    and    7/ater    at    0    . 


0.1048 
0.10.-8 
0.1048 


2.-08  0 
3 .1540 
3 .1140 


0.5  73  0 
0.6410 
0.6o40 


0.5289 
0.5308 
0.5301 
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TabiLe  ^0.    Relative  Velocity  of  the  Anion  of  Silver  Nitrate 

,  0 

in  a  Mixture  of  1  bf,    ''ethyl  Alcohol  and  Water  at  25  . 


0.104 
0.104 
0.104 
0.107 
0.107 


c 

6.058 

4.534 
4.474 
1.9  03 
2.9  54 


V 

0.1106 
0.03  3  2 
0.0c. <i0 
0.0348 
0.0538 


a 

0.5912 
0.58B1 
0  .  5  8  c.  o 
0.5  9  02 
0  .  5  9  2  t: 


Table    31.       Relative    Velocity    of    the    Anion    of    Silver    Nitr; 
in    a    '"'ixture    of    75^    ''etnyl    Alcohol    and    Water    at    0    . 


0.09  9 
0.09  9 
0.099 
0.09  6 
0.09  8 
0.09  5 


3  .09  2 
3.021 
0  .055 
3  .000 
3.03  3 
1.680 


0.0589 
0.05  7  8 
0.0530 
0.0571 
0.0575 
0.0319 


0.5666 
0.5641 
0.5G86 
0.5670 
0,5693 
0.5685 


In  order  to  see  t  :ie  connection  existing  betv/een  the  rele.- 
t  i  ve  ve  lo  c  it  i  es  ,  of  tne  anion  of  oilver  Nitrate  in  v/ater, 
methyl  alcohol  and  the  various  m^'xtures  of  these  solvents, 
the  following;  table,  is  riven. 
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Table  'i  Z .  Rel:..i:ve  Velocity  of  tne  Anion  of  Silver  ?!itrate 

^!  r.  Water,  Metnyl  Alcohol  and  Ilixtures  cf  these  Solvents, 
t         0  25         505^        75:^        100^ 

25°      0.5:>85     0.^5^8     0.6C10     0.5902     0.5797 
o"      0.5t2"'     0.5iJ79     0.5299     0.5673     0.5G71 

The  values  in  this  table  are  plotted  ir.  Fig.  V;  the  ab- 
scissae representinp;  the  percent  cf  alcohol  and  th. e  ordinntes 

reprosertin g  the  relative  velocity. 
0 


The  curve  at  3  5  shows 
6 


laximum  value  in  the  50^^  gilxture, 

while  at  0    a   minimun  value  is  shown  in  the  sa'^e  solvents. 

The  curves  are  also  exacE^y  opposite  in  every  respect. 

The  course  of  t.ne  curves  ■na-"-  be  explained  as  follows. 
(1) 
The  lav;-  of  Kohlra-sch     saov/s   that  the  molecular  conductivity 

at  infinite  dilution  is  equal  to  the  sum   of  two  independent 

constants  which  are  in  fact  the  velocities  of  the  ions  at 

infinite  dilution  calculated  in  tern^s  of  conductivitv  units, 

that  it,  A  +  C=  U   -  A  representing  the  anion  and  C  the 

cation,  3.nd    U.corcs.ctT-'ii  ty    at  infinite  dilution. 

In  this  investigation,  however,  tne  conductivity  at  in- 


finite dilution  in 


olvents  has  not  been  deter- 


:  s  e    v  a  r  a  c  u  I 
(2) 
mined,    but    by    Ostwald's  -nodi  f  i  cat  ion    of    tne    law    of    Kohl- 

rausch,    WTiich    takes    into    account    the    anount    cf    d :  ss;c  c  iat  i  on  , 

which    is    represented    as    follows   ^V   (     A    +    C    )     =    U    ,     ^7  -"epr  e  s  ent- 


(1).       7/eid    Ann.    26,    194,    (1895). 
(2).       Lehrb.    d.    Allg.     Chern.    II,    672. 


/'/Vlr 


O.bi 

C-d^y  — 

O.J-/ 
0  d-^o. 


ffif 


W 


:  :/i 


-i^" 


> 


<)fi;o 
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ing  the  percert  d  i  s  s  o  ciat  ion  ,  it  is  possible  to  calcultite  <^  A 
and  o(  C  at  any  dilution  if  tne   ratio  C/A  is  knov/n.    The  ratio 
C/A  has  been  deternjned  for  tenth  normal  solution  of  Silver 
Mitrate   intheaevarJoussolvents. 

Hence,  if  'we  have  the  cc  nc  u  ct  n  v :  t  ie  s  at  0  and  at  25   of  any 
dilution  vre  "^ay  calculatSi^C  and   "^  A ,  assuming,  that  C/A  is 
the  sa-"e  for  dilutions  of  about  tiie  sani!-,  derree,  wnicn  is 
not  improbaole.   This  has  been  done  in  the  following  table 
for  -1    dilution  of  v  =  40. 

Table  34 .    Velocities  cf  t  .le  Anion  and  Cation  of  Silver  Ni- 
trate in  V/ater,  "et  lyl  A.lcohol  an;."  ''ixtures  of  these  solvents 
c a 1 c " 1 a t e d  in  conductivity  units. 


oi 


Zii 


50^ 


Tot 


looi 


Anion    Zs'sQ.Zb^  40.24<V,         34.65°^j_        b0.88°<j         o0.9i:'^> 


6  5.b\S 


Cation 

25"  51.9V<< 


Cation 

0**  27.59N 


12  .ISi 


3  2  .■ir4< 


46  < 


15.7iy,  17.04  ■<, 


22.15Y^ 
12.  9 -W, 


21.45-^. 


2^.31'^'/ 
22. 46«(„ 


12.99'<,  I6.40KX 


Having    calcula.ted    ti-ese    values    0  f  <S  C    and  °(  A    for    the    two 

o        o 

temperatures  0  and  25  we  may  caHculate  the  temperature  coeffi- 
cients of  ionic  mobility,  not  tne  true  coefficients,  however. 
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but  al  (  a  constant)  times  the  true  coefficient.   The  variation 

(1) 
of  V  ,  as  was  snown  bjr  Jones   &  Douglas  is  not  appreciable  over 

a  range  of  twenty  five  derrees  and,  therefore,  the  above  pro- 
cedure is  allowable.   This  nas  been  done  in  the  following  ta^>l'=. 

V 

A,,,  represents  tne  ionic  velocity  of  the  anion  at  Zo 

measured  in  conductivity  units. 
A(,  represents  the  ionic  velocity  of  the  anion  at  0 
measured  :' n  conductivity  units. 
/S  k      represents  tlie  difference  in  the  velocities  of  the  anion, 

betv/een  0°and  25  or  is  equal  to  A  -  A  . 

o 

C  'represents  tne  ionic  velocity  of  the  cation  at  25 

Pleasured  in    conductivity  units. 
C-  represents  the  ionic  velocity  of  the  cation  at   0 


measured  in  conductivity  units 

_^  C   represents  the  difference  in  tl 

0         0     . 

betv/een  0  and  25  or  is  eq^a-i.  to  C 


velocities  of  the  cation 


,i5  . 


Ch    .represents  fluidity  of  th.e  solvent  at 

^^   represents  the  difference  in  too  fluidity  betv/een  0 

and  25  or  io  equal  to  ^  "•  '' o  * 

AT  represents  difference  in  temperature  or  25  -  0  . 
00     represents  fluidity  of  solvent  at  0". 


(1).   Aner.  Ghen.  Journ.  26,  428,(1901  ) 
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^able  35.   Comparison  of  tne  Relative  Temperature  Coefficients 
of  Ionic  'Mobility  for  the  Ions  of  Silver  Mitrate  in  V/ater, 
''et'iyl  A.lcohol  and  various  Mixtures  of  these  Solvents,  also  the 
Te.^perat  re  Coefficient  of  "obility  of  Solvent. 

CH  OH      CH^OH      CHgOH 

2  5;^      50^;      ibio 


CH  OH 

0?: 


CH  OH 


100^ 


3,.^      O.OlSe-f    0.0209«<',   0.0230  "{^  0.0179*^^  0.0098-(, 


1_    .A_Z         0.0189H    0.019V-(    O.OloC.o^    0.015b'{   O.OlCt'^w 


i'-A-^    0.0249- 


0.02  It 


0.020; 


0.0121 


The  temperature  coefficients  of  'nobility  of  tne  solvents 

(1)  (^) 

were  calculated  fron  the  results  of  Traube   ,  Pagliani 

(3) 
and  Batelli  • 

The  rejafive  teniperat  ur  e  coefficients  for  ti:6  anion 

anc"  cation  in  the  sarae  solvent  are  strictly  coniparable,  since  C<^ 

is  a  constant  and  therefore  does  not  affect  t:ie  result  of  the 

compari  s  on . 

Fr  DTI  a  consideration  of  this  data  it  is  seen  t  na  t  in  the 

pure  solvents,  v/ater  and  metnyl  alcohol,  the  coefficient  for 


(1)  .  Ber.  19  ,  871 ,  (1889). 

(2).  Att.  d.  R.  Ac.  delle.  Sc.  d.  Torrino,  cOT,  (1335) 

(3).   " 
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the  cation  is  greatest  iviiereas  in  trie  mixture  that  of  the 
anion  is  greater..   This  beiny  tiie  case,  C/A  in  the  pure  sol- 
vents WGulfi  approach  the  limiting  value  0.5,  as  tne  ter;ipera- 

ture  rises,  and  ti'.e  begnnninp;  and  end  of  the  curve  of  relative 

o 

velocities   at  25  v/culd  be  below  tne  beginning  and  end  the 

0 

curve  for  0  . 

Since  in  t ae  mixtures  the  anion  has  a  greater  temperature 

9 

coefficient,  the  curve  for  25  will  pass  through  a  maximum; 
this  maximum  existing  in  that  mixture  ifiiere    tiie  irregularity 
betv/een  the  two  te-^iperatur e  coefficients  is  greatest  ,  that 
is,  the  50/^  mixture. 

If  we  know  tne  value  o  f  ,^  -  the  dissociation  factor,  we 
could  calculate  the  true  temperature  coefficients  from  the 
relative  coefficients. 

At  the  dilution  used  (  v  =  40)  the  dissociation  of  Sil- 
ver Nitrate  in  //ater  is  about  89^,  or  a  =  0.89.   It  has  been 

(1) 
shown  by  Carroll     in  the  case  of  certain  salts,  sodium 

iodide,  potassium  iodide  and  potassium,  brom.ide  ,  that  in  50^ 
methyl  alcohol  a  =  0.91  for  v  =  32 ,  and  0.93  for  v  =  64.   We 
should  not  make  an  appreciable  error  if  we  assume  the  value 
0.91  for  a  in  the  case  of  silver  nitrate  in  the  50/!  mixture  at 
V  =  40.   The  real  temperature  coefficient  would  th.en  be 


(1).  Dissertation  Johns  Hopkins  University.  1904 
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(2) 
0.0-230  X  0.31  =  0.021<c:.   fCohlrausch     has  pointed  out  in  the 

case  of  certain  ions  in  aqueous  solutions  triat  tne  -^cre  nearly 

the  temperature  coefficients  of  ionic  mobflity  and  fluidity 

(of  ^atsr)  are  equal,  tlie  greater  is  the  effect  of  decrease 

in  fluidity  in  lo./ering  ionic  mobility.   This  .7culd  probably 

be  true  for  ions  in  mixed  solvents. 

Comparing,  then,  the   te'-iperatur e  coefficients  of  mobility 

of  anion  and  cs.ticn,  and  fluidity  of  the  SO/b  mixture,  it  is 

seen  that  the  temperature  coefficient  of  the  NO,  ion  (0.0<J12) 

is  most  nearly  equal  to  that  of  fluidity  (0.0216).   Hence  the 

effect  of  decrease  in  fluidity  would  be  greatest  in  the  case 

of  the  NOq  ion;  that  is,  C/A  .vould  approach  t:;e  limiting 

value  0.5,  and,  hence  the  minimum  in  the  curve  in  the  50/i 

mi  xture . 

The  fluidity  is  also  decreased  by  cnan-e  of  composition  and 

the  resulting  change  in  ionic  mobility  will  be  greatest  in  the 

case  of  that  ion  whose  teriperature  coefficient  is  most  nearly 

equal  to  the  temperature  coefficient  of  fJuidity.   This  is  the 

cuse  witii  the  NO  ion  ,  therefore  t=.is  ion  ^vill  be  tne  most 

greatli'-  effected,  and  the  ratio  between  its  velocity  and  that 

of  t:ie  Aa  ion  will   become  less;  that  is  approach  the  limit 

0.5,  and  there  .vill  tuerefcre  be  a  minim.um  in  the  curve. 


(Ij   Sitz.  Ber.  d.  Berlin  Ak.  ,  572,  (1902). 
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COIIGLUSIO^IS. 

1.  A  stud^r  of  the  conductivity  of  silver  nitrate  in  vYater, 

methyl  alcohol  and  mixtures  of  these  solvents,  leads  to  the 

conclusion  th.at,  silver  nitrate  is  not  an  exception  to  the 

(1) 
general  phenomenon  discovered  by  Zelinsky  and  Krapiv/in 

and  studied  extensively  by  Lindsay  in  this  University.   The 

rnininum  point  in  the  conductivity  was  found  for  silver  nitrate 

in  these  solvents  at  25  as  ire  11    as  at  0  . 

2.  The  ccnductivity  of  silver  nitrate  in  water,  ethyl 
alcohol,  and  mixtures  of  these  solvents  does  not  shov/  a  niin- 
imum  point  either  at  25  or  at  0,  but  a  study  of  the  curves 
representing  these  conductivities  leads  to  the  conclusion  that 

at  0   a  miniir.um  is  approacned. 

o 

3.  By  comparing  tne  conductivities  at  0  with  those  at 

0 

2  5  ,  tne  conclusion  can  be  drawn  that  the  influence  of  one 
solvent  on  the  other  decreases  .vitr.  rise  in  te-ip  erat  ur  e . 

•i  .   The  d  i  f  f  er  e  ri  c  ^j ;:  in  the  relative  velocities  observed  in 
tiie  pure  solvente  at  0  and  25   become  less  as  the  t  e '!-)p  srat  ure 
rises,  and  the  velocities,  therefore,  tend  toA'ard  equality. 
This  has  already  been  observed  for  pure  solve  ts,  but  it  does 
not  hold  in  tiie  case  of  mixed  solvents.   That  exactly  the 


(l).  Ztschr.  pnys.  Chen.  21,  35,  (1897) 
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opposite  is  -true  in  -rost  mixtures  is  seen  by    exanining  Fig.  V. 

5.  Tne  relative  velocities  are  largely  depe'ident  en 
the  nature  of  the  sol-vent. 

6.   In  mixed  solvents  the  relative  velocities  are  depend- 
ent on  both  the  temperature  and  composition  of  the  mixture. 
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